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I 

PROPERTIES  AMD  PECULIARITIES  OF  SPECIAL  ALLOYS  IITH 
HIGH  NICKEL  AND  MOLYBDBMUM  CONTENT 

by 

Yu.M.Chizhlkov.  Candidate  in  Technical  Sciencea 

Special  alloys  with  high  nickel  and  molybdenum  content  are  used  in 
chemical  industry.  The  best  known  of  these  are.'hlloys  A  (NM20,  BI46O) ,  B  (NM30, 
EI46I)  and  Ts  (Nlil7Khl5V5).  Table  1  gives  their  approximate  chemical  composition. 

Table  1 

Approximate  Chemical  Conposition  of  High-Nlckel-Molybdenum  Alloys,  t 

Alloy 

A 

B 

Ts 

These  alloys  have  a  nuober  of  iiqportant  properties.  First  of  all, 
exceptionally  high  resistance  to  various  aggressive  media  at  high  tesperaturea 
and  pressures.  Their  technological  properties  make  their  production  very 


MCL-711/1 


1 


32S 


tb> 

difficult .  This  Artlel*  givas^expcriMntal  data  tia»a  taew  KM  accumulated 

a 

in  the  induatrial  development  i#  the  pe»adme>tie»  of  these  alloys *. 
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Corroslonal  Properties  of  the  lllovs 

Alloys  NH20,  NICO.  MM17Khl5V5  have  high  anticorrosi/^^  properties  in 
various  chemically  active  media. 


Alloy  NM20  has  good  chemical  resistance  to  nonoxidizing  acids  such  as  \ 

^ ’L.-Ot  Oi-CAf/  {  ')  • 

It  resists  the  action  of  HCl  and  ^7  concentration 


at  taaperatures  KXX  up  to  70*C.  At  acid  concentrations  under  50^  it  is  suitable 
for  use  at  the  boiling  points  of  the  acid . 

iSc 

Alloy  Nk30  has  hign  cliaiulcal  resistance  Im  boiling  HCl  and  H^SO^  at  any 
concentration ,  in  M^aoie4-ti^-7^B"etgT— 

Alloy  Nlll?Khl5V5  MX  resists  corrosion  under  the  action  of  powerful 
oxidizing  ilfagent^^uch  as  moist  j|U  chlorine  gas,  nitric  acid,  sulfuric  acid,  etc. 

Alloy  B  (NJ0O)  has  the  best  resistance}  in  the  heat-treated  condition^  its 
rate  of  corrosion  even  in  boiling  acid  does  not  exceed  0.04  iWyear. 


Physical  Properties 

The  physical  properties  of  alloys  A,  B  and  Ts  are  given  in  Table  2. 


*  Engineer  il.L.Zaytsev,  Engineer  A.N .funds  and  Technician  A. A. Mishin 
participated  in  this  work. 
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Table  2 

ft 

Physical  Propertlaa  of  Alloys  Hast^lloy  A.  B  and  Ts 

(Aceorllng  to  Data  of  Itotala  Handbook,  1948) 


Propertlaa  Alloy  A  Alloy  B  Alloy  Ts 

Specific  gravity,  gm/cn?  8.80 

Melting 

IMIIIXI  point  (solidus  and  llquldus),  *C 
Specific  heat,  cal/gm,  *C 
Thermal  conductivity  at  25*C,  cal/sec  “C 
Resistivity  at  25*C,  per  cm,  mioroohms 


Mean  coefficient  ''■C  thermal 
expansion  per  %SX  degree  ^ . 

from  0  to  lOO'C 

from  0  to  1000‘C 


Mechanical  Properties 


As  will  be  seen  from  Table  3,  all  three  alloys  possess  high  strength. 


Figure  1  shows  the  variation  of  their  mechanical  properties  with  temperature. 


Figure  2  shows  the  variation  of  the  mechanical  properties  and  hardness 
of  alloys  A,  B  and  Ts  with  aa let Awe  upset  in  cold-rolling.  Before  cold-rolling 


all  the  specimens  wore  given  a  softening  heat  treatment  (heating  to  1180  -  1200®C, 
JoqJCtg'in  water  or  air). 


3 
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■able  3 


Uechanlcal  Propei^iea  of  Alloys  at  Room  Tonperature 
(Sheet,  Heat-Treated) 


Alloy 

Tensile 

Held 

Heat 

Strength, 

Strength 

• 

kg/ 

kg/ mm2 

NM20  (A) 

NM30  (b) 

37B 

NM30  (B) 

1/JC 

NMl7Khl5V5 

22T3 

NM17Khl5V5 

23Ts 

NM17Kh3.5V5 

24Ts 

Structure  of  the  Alloys 


Proportional  Elastic  Reduction  Elongation, 
limit.  Limit,  iWl&Hi;  % 

kg/  trjn2  kg/nmr  % 


Alloys  A  and  3  consist  mainly  of  a  solid  solvation  of  molybdenum  and  lr®n 

and  nickel.  On  cooling  from  high  tenperatures ,  interroetallic  conpounds  of 

variable  conposltlon  of  the  iron  molybdenite  type  (Fe^L',02)  and  nickel  molybdenite 

type  (MoNi)  are  segregated.  At  sufficiently  high  carbon  concentration,  the 

In  presence 

solution  also  contains  double  carbides  of  iron  and  molybdenum.  IfxklXICXXXX  of 

• 

an  excess  of  silicon,  silicides  are  forned  in  the  alloys,  fhe  iron  molybdenAte 
partially  passes  Lnto  solid  solution#  on  heating;  the  nickel  molybdenite  does 
not  pass  over  into  solid  solution  at  any  temperature.  No  intermetallldes  are 
observed  uridor  the  microscope  in  these  alloys,  •^heir  presence  may  be  judged 
froa  the  variation  of  the  hardness  oi  the  metal  on  heating  to  various  temperatures^ 
followed  by  cooilng  In  water. 


Best  Available  Copy 
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Figures  3  and  4  show  the  mierostructure^c^  alloye  4  and  B*  The  micrastru9tui*e 
are  of  interest  because  they  explala  eevtain  feetwet  of  the  alloys  In  hot- 
working* 

* 

Considering  the  microstructure  of  alloy  A  (Flg,3^  it  wlU  be  seen  that 

new  equiaxed  grains  appear  at  1200*C,  On  reduction  of  l5)P,tho  instant 

indicating  the  formations  of  now  r»<M9ttalllsed  grains  along  the  old  grain 

boundaries  is  fixed.  At  1050*C  (at  both  reductions )|the  as-caet  structure 

persists  to  a  considerable  extent.  On  60t  reduction^a  fibrous  structuie 

recalling  that  of  cold-dolled  steel  is  distinctly  visible.  All  this  indicates 

that  the  tenperature  of  1050*C  is  not  a  tonperature  at  which  the  process  of 

recrystallization  normally  takes  place  for  alloy  A. 
picture  with  still 

An  analogous  JUUKAlIIIUKkifTIXY  greater  contrast  is  obtained  In  alloy  £ 


(Fig. 4).  At  1050*C.  with  hn+h 


WTr  grzino 


the  niorostructure  lm  corresponding  to  the  temperature  1050*C  with  the  mlcrostructure 
of  the  same  alloy  in  the  as-cast  condition  (Fig, 5).  one  may  convince  oneself 
that  rolling  at  this  ten^retura  laads  only  to  aeaMnaMmu  of  the  as-^ast 
structure,  to  giving  it  an  oriented  and  fibrous  form,  aith  tU  a  degree  of 
fiber  formation  increasing  aith  tha  degree  of  reduction.  At  X050*C,  obviously. 


7 


Fig .3  -  fvilcroatructure  of  Rolled  Allo^  A.  iXi  x; 
a  -  155f  reduction  at  lU50°Ci  b  -  15?  reduction  at  l?00*Ci 
c  -  60^  reduction  at  lOJO^G;  d  -  6U?  reduction  at  12U0“C 


the  proccssSX  of  reerystalllzation  does  not  yet  take  place  during  daformatlcn. 

r«iief  » 

It.  if  only  posnifele  at  this  t*Bf)aPature,1>*«««a«*«*4  of  part  of  tlj^  stresses 

arif'ittg  durin.c  deforetaticn  does  take  plae@.  *.t  liCO'Cjat  all  reductions, the 
process  rsf  recr^stallAzation  does  take  place  t.'lth  fo?j'atloii  ne*  oc;ui&jied 
I'rairs. 


Hitting  to  hl^r  tta^ratures  Ittde  to  1  aubattntltl  changea  tlong  the 
keundMT^a^  S41s  la  olearly  vleltle  In  th*  adcroatructure  of  allo^  li(20 
iFlgi*>  UaUd  1250  and  1280*C.  At  1280'C^lttng  and  fo»jnaU«B  of  a 


a 


b 


c  d 

fig  .4  -  Ulcrostructure  of  Hoiled  Ailo^  B*  iCiO  xi 
a  -  i9%  reduction  at  iOfO'Cj  to  -  X9f  re4uctio»  at  UOO'Ci 
c  -  t'05f  red\iction  at  1050*Cj  d  -  60)f  radactio*  at  1200*C 
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'tt 

Kig.f.  -  Microstructure  of  Step3  P  iri  the 


334  liquid  phase  took  plaoe  along  the  grain  boundaries. 


after  cooling. 


If 


As -Cast  Condition^ 


This  phase  again  solidified 


10 


,  Fig«6  -  Uicrostructure  of  Alloy  NM20: 

a  -  Heated  to  1250'C.  100  xj  b  -  Heated  to  1280"C.  300  x 

\ 

\ 

At  1250’’C,  melting  is  also  observed*  but  aot  along  tU  the  grain  boundaries. 

9 

The  sai»  plctitre  is  observed  in  alloj^  NIDO.  The  possibility  of  this  phenonenon 

t'fjVUrff 

«ineiynti4  require^ ef  f JUftH YXI  explanation,  since  the  melting  point  of  alloy  A 
is  1300  -  1934^*C»  and  that  of  alloy  •  1320  -  1350*G . 


ot  the  fiicrestructur*  of  th«s«  alloga  showa  then  to  possess 


a  very  narrow  raitge  of  kot-deforoation  tel^>e  rat  urea.  The  danger  of,,  overheating 
the  oeta^  at  ten^ratures  over  1200*C  (the  length  of  heating  and  the  furndce 
atmosphere  are  eery  important  here)  and  the  High  recgystallizaticei  tei^evature 
(over  1000  -  1050*C)  are  responsible  for  the  techneloglcal  properties  of  the 


alloys  and  their  forgeability,  which  will  be  discussed  below. 


13  74 
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ZhB  plasticity  of  these  three  alloys  nay  be  Judced  from  tiie  values 

of  th«  tiiatMtet  and  reduction  M  the  specimens  durlxkg  tts  tensile 

reU»a5. 

test  and  from  the  results  of  a  study  of  the  Inpact  strength  and  sedge  iesesimg. 

••  e 

Figure  7  gives  the*  curves  of  tenperature  variation  of  the  elongation  and 
reduction  in  area  for  alloys  B  and  Ts.  These  alloys  have  maximum  plasticity 

•  s 

around  1100*0 . , 

Ihe  variation  of  the  plastic  properties  with  teiqierature  from  the  ins)act 
strength  is  shoim  in  Fig. 8.  The  impact  strength  is  minimum  at  around  1000*0. 
The  high  plastic  properties  correspond  to  tenperatures  of  1100  and  1200*0. 


14 


Fig. 8  -  Temperature  "Dependence  of  Impact  Strength  of  Alloys  B  ani  Ts 
Allhjr.Bet  ttssAcd'd  h}g>.Ati:ill60-1180°C,  then  cooled  in  water. 

speciuens  1,  2  -  Forged  and  heat-treated  2  -hr  at  1210*C, 
water;  Specimens  3»  4  -  Cast  without  heat  treatment; 

Curves  1,  3  and  4  -  Seated  to  test  temperature;  Curve  2  -  Cooled 
in  furnace  MIX  from  121C*C  to  test  ten^erature 
a)  Impact  strength,  kgn^co^j  b)  Alloy  Bj  c)  Test  tenperature  *0; 
d)  Impact  strength C4  jj ,  kgn^cnS;  e)  Alloy  Ts 

I 

From  the  condition  of  the  side  edges  af  speclftns  of  alloys  rolled  to 
various  reductions ,  it  will  be  seen  that  the  plasti9lty  of  alley  B  at  1050*C 
ia  lower  than  at  1200*C  (Flg»9).  This  folloes  from  the  fact  that  at  the 


Alloy  Ts: 
jcooied"  in 


lower  temperature  tears  were  formed  on  the  edges  at  a  reduction  as  low  as  32.5?! 


whUs  «k  UO0*C  fMhuttlon  coiinB«a»«  red«oUon  96.9f  • 


1 

« 

2 

3 

4  ■  ' 

1  _  ■  ,  • 

2 

3  .  .  " 

4  ... 

'•  b 

Fig.9  -  External  Vikw  of  Specimens  of  Alloy  B  Rolled  to 
Various  Reductionsf 

a  -  At  1050*C  with  reduction's  1  -  325?;  2  -  21.g«j  3  -  13.7/i;  4  -  9*6;4; 
b  -  It  12(X)*C  with  reductionsf  1  -  50.95^;  2  -  30.5?i  3  -  19*5?C* 

4  -  12.65< 

Figure  10  stiows  oast  specimens  of  alloy  A  Vnlled  to  a  wedc*  •  It  will  be 
Men  here  that  at  1200*0  small  teats  begin  ta  fbrm  at  reductions  over  40)1 «  . 

Thest  data  shew  tU  thttt  alleys  to  possess  relatively  low  plasticity. 

'-of 

rie  temperature  ranfe  of  tl^lr  deformation  is  narrow,  aad  is  at  the  order  1090  •  1120*Ca 
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H-)l  mm 

«  ^ 

•  -7>» 


H*»h  ram 

.  lOfoi 


H-h  mm 


100!^ 


Fig. 10  -  Appearance  of  Specimens  of  Cast  Alloy  A  after 
Pledge  Rolling  at  Various  Tenperatur««  j 
a  -  llOO’Ci  b  .  120O'*Cj  c  -  12B0*C 


i 
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• 
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•  • 

• 

t 

a 

The  alloying  aleaenta 
« 

hafe  a  great  influence  on  the 

V 

plastic  propertiea  of  these  tlloys. 

44.2!t  Mo 

a 

X  . 

The  influence  of  molybdenum  on 

• 

- 

XKMXX  forgeability  has  been 

• 

a)  '  .  ■ 

established  fof  binary  * 

'\  * 

nickel-molybdenum  alloys.  I\  was 

• 

av."^  Mo. 

c- 

* 

found  that  the  forgeability 

t  , 

.* 

(plasticity)  of  these  alloys 

MiBCB 

•  ^ 

. 

declines  with  increasing  molybdenum 

• 

22.85C  Mo 

^  or  tent*  at  less  wian  205{  Mo  the 

nmtmm  * 

■  •  .  ■'25.3iMo 

i 

alloys  have  good  forgeability;  * 

b)-  •  ■  ' 

at  about  405S  they  become  brittle 

*  '  -  a  • 

• 

Mg. 11  -  Variation  0/  Hardness  of 

• 

and  unforgeable.  lith  increasing  '• 

•  . 

^  • 

Binary  Ucke  1-Molybdenum  Alloys  with 

' 

Melybdenura  Content  and  Temperature 

molybdenum  dontant  their  hardness  ;.;,t 

• 

increases.  At  over  20(.Mo  the 

i9 

a)  Hardness,  Hyj  b)  Temperature,  'C 

alloys  are  dispersion  hardentag.  ^ 

-a 

as  indicated  by  the  peaks  on  the  curves  (Fig.Jl).  Tfce  VMlation  An  the 

properties  with  Increasing  awly^danum  eontant 

is  due  to  the  segregation  of  an 

' 

excess  phase  (apparently  nlclwi  molybdenite)* 

•hleh  is  readily  detected  from 

the  changes  in  the  microstructure  as  well  (Fig.lS). 

• 

18 

c 


Fig. 12  •  Change  in  Mlcrostruetut*  of  Binary  Nickal-Mol^denum 
with  their  liolybdenw  Content, 
a  -  22.8,  150  xj  b  -  44.2,  150  aj  c  -  44*2,  650  ■ 
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Silicon  hu  an  sxcaptionally  great  Influence  on  the  properties  of 


high-nickel-Bolybdenum  allojfs .  Table  4  gives  data  on  allo^  NlOO  of  the 


following  chemical  coinposltloni  0.041?  C.  0*88f  Un^  64. 5!^  Ni#  30»OJK,UO(  4*59^  Fe. 

« 

•  »  •  Table  4 


-?eriation  in  Hardness  of  Alley  B  with  its  Siliecn  Content 


* 

• 

*  • 

Hardnesc 

Hardness  of ' 

Hardness  of 

Ingot 

Silicon 

*.  of  Ingots 

Forgings 

Forgings 

No. 

Content, 

•  after  Pouring ■ 

after  Forging 

after  Heat 

- 

% 

and  Cooling, 

and  Air  fioeltog> 

Treatment* 

•  • 

■  ■  KV 

1130*C,  10  min;  Water 

• 

1 

• 

2 

3 

4 

e 

as  found  on  forging  that  only  ingots  1  and  2  eesi  forged  without  • 


deellredf 

defect*.  At  hl^  silicon  content  the  forgeability  of  the  ingots  UOT  tllW 


en*  tears  appeared  on  the  forgings ,  and  their  resistance  to  deformation  was 
appreciably  Increased.  Ingot  5  fcad  the  poorest  for^abllity.  £  similar 
behavior  of  the  metal  was  observed  in  hot 'rolling.  Strips  from  Ingots  1  and  2 
were  rolled  without  tkm  formation  of  eracks  .and  tears  on  the  lengltudinel  edges . 


Cuacks  and  tears  eert*  bceever,  formed  on  the  edges  of  the  strip  from  ingots  3, 
4  and  most  of  all  from  ingeds  4  and  5  (Fig[.13>. 

ne  hot* rolled  strip  so  obtained*  2,5  «m  thiek*  after  heat  treatment 


Urea. 

fheatlng  30  min  to  1190*C*  and  in  air)  weee  rolled  on  a  rieaete  rolling 

uume 

mill  with  rolls  180  sun  in  diameter.  The  strip  from  ingots  1,  2  and  3  weee  rolled 

; 
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Internadlat*  working  ^ 

without  jnHittimiitpytwnKMUii  to/thlekneitW.5  Hs^wlth  a  total  rwductlon 
of  about  90;{.  At  30!K  total  reduction  ^sraall  tracks  began  to  appear  on  the 
edges  of  the  strip  from  Ingot  3«  The  strip  from  ingot  4  along 

the  edges  at  the  first  .reduction;  ’and  the  strip  frcn  ingot  5  broke  at  the 
vfiry  first  reduction  (Fig. 14).  .  .  •  • 

Thus  silicon  in  alloy .NlOO  at-  the  same  time  lowers  the  plasticity  of  the 
•metal  and  increases  the  resistance  to  deformation.  This  effect  on  th'e 


properties  of  the  alloys  nay  be  explained  by  the  formation  of  a  new  phase  in 
the  form  of  ailicides  (probably  MoSi^?)  which  is  plainly  visible  on  Figs.  15  a, 
b,  c.  d,  e.  At  low  silicon  content  very  little  of  the  new  phase,  but  with 
increasing  silicon  there  is  more  and  more  of  it;  it  is  located  both  along  the 
grain  boundaries  and  in  the  grain  interiors.  In  spite  of  the  fact  that  the 
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4 


Fig. 13  -  Appearanc#  of  Sp«el«ien»  of  Alloj  wltli  Varying 
Silicon  Contant  aftar  Hot-Roiiing.  &i  eontent  in  aAloya*. 
1  -  1.3!?;  2  -  0.98!?;  3  -  0.59!f|  4  -  0.23«;|  5  -  0.056^ 

(tha  strip  adgsa  aW  on  top) 
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a)  Strip  Ho.j  b)  Silicon  content,  %•,  c)  Total  reduction 


343 


Fig. 15  -  Micro*tru9tur»  of  Alloy  IIM30  with  Varying 
Content  of  Silicon^  %.  100  si 

a  -  0.056;  b  •  0,23|  c  -  0.59*  4  •  0,98;  •  •  1.3 
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alloys  were  all  heated  to  the  aame  tenperature^  ahlcb  sufficiently  hlghf 

1180*Cf  the  grain  -size  at  higher  silicon  contents  was  oonsidayably  sasller 
SI 

them  at  low^^ontent.  This  Indicates  that  the  sllicides  retatd  the  grain  frowth 
of  the  laetal  during  Its  recrystalllzatlon,  iltlaiately  leading  to  a  towering 
of  the  plastic  properties  of  the  alloy  and  to  an  increase  in  Its  resistance  to 
def  orination . 


On  the  basia  of  the  data  obtainedythe  conclusion  must  be  drawn  that  the 

-fcuMT 

sitison  content  in  these  alloys  should  be^s  low  as  possible,  and  must  not 


exceed  0.3  -  0,4?. 


pes^lstance  of  A.Vlo”..  lo  ucfoiniAtion  during  RoLlin^ 

A  study  of  the  resistance  to  deformation  was  made  by  measuring  the 
pressure  of  the  metal  on  the  roll  by  the  aid  of  capacitanC*  measuring  instrument* 
during  rolling  of  specimens  20  mm  and  12  mm  thick  (H  •  const),  and  40  mm  Wide 
on  a  400'nim  rolling  mill  at  a  witm  of  1.0  m/sec.  The  specimens  H  >>  20  mm 
•ere  rolled  at  1050  -  1250'’C;  the  specimens  H  •  12  mm  at  20  ,  200,  400  ,  600, 

1050  -  1250*0.  .Sach  specimen  was  rolled  in  a  single  pass  at  varieua  reductions. 
She  specimens  were  heated  in  tubular  muffles  in  a -gas  chamber  furnace.  To  obtain 


conparative  data^pecimsns  ef  tiw  Bwe*«te4w^  of  steel  1  were  rolled  besides 
specimens  of  alloys  NH20  (*)•  ITIOO  fB>  and  ina7Khl9V5  (Ts). 

Figure  16, a,  b,  c  shows  the  eur>«s  of  the  dependence  of  the  nesistane*  ^ 
of  ’alleys  A,  B  and  Ts^  t«  defemation  when  rolled  at  H  «  const  >  12  inn. 

It  'Will  be  seen  that  at  all  temperaturea  and  reductions  the  resistance 
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of  alloys  kt  B<  and  Ta  to  deformation  is  considerably  lilgker  thaA  that  of 

•  • 
under  coiqparablt  cenditlons.  The  resistance  of  these  alleys  to  deformatioii 

almost  9  -  t  times  as  great  for  * 

these  alloys  as  for  St.l  at  lltO*C  and 

reduction*  and  4  -  5. times  as  great  at  1000‘C.  Alloy  S  has  a  higher 

resistance  to  deformation  than  alloy  A.  ‘This  difference  is  the  greater, the 


lover  the  rolling  te n{)e nature . 


The  rolling  temperature  has  a  strong  effect  on  the  resistance  of  both 
alloys  to  deformation,  in  the  temperature  range  from  600  to  1000*C>  the 

resistance  of  both  alloys  to  deformation  decreases  very  slightly*  but  in  a 

/ 

narrom  Interval  (from  1000  to  i050*C)  it  fails  very  sharply,  andthen  remains 


almost  constant  up  to  about  1120*C,  and  finally  falls  sharply  again.  For  steel 


st.l  the  decrease  in  resistance  to  deformation  psaaaaAe  edene  a  smooth  concave 
cu' ve,  more  intensely  from  600  to  1000*0  than  at  tenperatures  over  1000*C  (Fig. 17). 


I 
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Figure  18  shorn  the  varl«tion  of. .the  resistance  of  both  alloys  to 
deformation  elth  increasing  rolling  rate*  which  is  of  great  Mterest. 

The  relation  between  the  resistance  of  all  three  alloys  to  deformation 

and  the  reduction  in  cold  rolling  is  shown  ih  Fig. 19.  The  cold  rolling  wa^.., 

f  ' 

.  » 
done  on  a  rolling  mill  with  rolls  432  mm  In  diameter  at  40  rpmj  thickness  of 


specimen  4.5  nm;  width  40  mn. 


•  Ulidening 


The  tendency  of  alloys  MM20  and  NM30  to  widening  was  studied  at  H  •  const* 
Specimens  of  constant  thickness  H  »  20  mm,  40  mm  wide,  were  rolled  on  rolls  400"  n 

in  diameter  at  a  rolling  speed,  of  1.0  m/secl  The  specimens  were-heated  to 

/ 

•various  temperatures.  For  comparison  similar  specimens  of  carbon  3teel(a^,l) 
'<ere'  also  rolled  at  'ihe  same  tiira.  The  data  s^o  obtained  are  represented  in 
Fif  I  0,  .  ,  b  i.  0.,  form  of  curves  of  the  widening  index  against  the  reduction 
at  various  rolling  tenperatures .  As  will  be  seen,  both  alloys  havw  a  greater 
t*ndenc/-  to  wideaing  than  St.l. 


o 


...  r* 
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b) 


d; 


1050* 


■  St.i 


,.1100 
■  llfiO^C 


1580^: 


.  St.l 


a) 


100O*C 


J^*G 


J(00»C 


'5,'* 


Fig .20  -  Relation  between  Widening  Index  of  Alloys  A  and  B 
and  the  Reductiongin  Rolling  at  Vtr.ious  Temperatures 
a)  Widening  index,  ^b/^ihj  b)  Alloy-Af-^)  Heductiong  100, 

dj  Aliu^  P;  •. 
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.StahoabilltY  . 

JStaa^}abillty  in  the  cold  condition  was  deteroined  by  the  method  of 
ewBBftm  on  an  Ericsson  instrument.  Figure  24  shows  the  relation  between 
the  8taiq}abillty  of  strip  of  elio^s  NIOO  and  NU>7Kbl5V5  and  the  thickness  of 
the  strip.  Before  the  test  all  specimens  were  glrsn  a  softening  heat  treatment; 
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Fig. 21  -  Relation  between  Staiqpabllity.of  Strip  of  Alloys  B 
and  Ts  and  the  Thickness  of  the  Strip  (Radius  of  Punch  10  mm)* 
1  -  Heat  treatments  5  niin  at  1180*C»  airj  2  -  lisat  treatmsntf 
5  min  at  1180*0.  air  ♦  cold  rolling  JLgJl «  2.55?J  3  -  Heat 
treatment  5  min  at  1220*0,  air 

a)  Stampability,  mm;,  b)  Alloy  o)  Thickness  of  strip,  mrar; 
dj  Alloy  Ts 


For  alloy  KM30,  some  of  the  speciasns  after  heat  treatment  were  oold-ToUed 
to  25^  reduction.  The  experimental  data  show  the  stampability  of  both  alloys 


to  depend  on  the  thickness  of  the  strip  and  the  reduction  in  cold  rolling# 
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.THB  EPmiT  OF  BARIUM  AND  CALCIUM  ON  THE  "HFS" 

'  •  '  OF  NICHROMES 

by  .  • 

Prof«3Sor  M.V.PPtdantsev,  Doctor  of  Technical 
Sciences,  and  l^gineer  A.V.Merlina 

The  favorable  influence  of  ceriuir.  and  barium  on  the  •llfe“'*of  iron-c^irojiium- 
aluminum  alloy  No. 2  has  been  established  by  the  Steel  Institute  of  the 
central  Research  Institute  for  Ferrous  Metallurgy..  It  has  also  made  •  study 
of  the  influence  of  barium  and  calcium  on  the  “life"  of  nichrome  alloys  of 
grade  Khl5N60  and  Kh20N80. 

Barium  and  calcium  are  powerful  deoxidizers,  promoting  Etatnyroduction  of 
a  pmrer  alloy  with  decreased  content  of  oxides  along  the  grain  boundaries. 

The  addition  of  barium  and  calcivao  to  niduroma  in  the  alloys  is  of  great 
interest  with  respect  to  the  inpsovefflent  of  their  heat  resistance. 


*  "Zhivuchest**,  quotation  marks  in  original. 
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•  • 

2%  is  Mil  known  fcom  tia  worlw  of  Q.V.Akisoa  (Sibl.lj  thst  tM  sdtftlon  •* 

m  ^ 

of  calcium  to  nicnromB  tends  to  Improve  the  mechanical  properties  of  the  alloy 

at  high  tenperaturee  and  increases  the  resistance  of  the  grain  bougidkries 
*  *  ^  » 

*  6 

to  the  action  of  hot  gases. 

•  »  '  .  .  *  * 

•  *, 

The  effect  of  barium  on  the  properties  of  nichromes  was  btudie'd  from 
016  to  and  that  of  calcium  from  0.2  to  0.6?.  Table  1  gives  the  chemical 
conposition  of  the  alloys  investigated.  The  experimental  specimena  of  the 
alloys  were  tested  for  “life",  resistivity,  tes^jerature  coefficient  of  resistenoe, 
and  mechanical  properties.  The  properties  of  the  alloys  were  studied  on  wire  0,6  im 
in  diameter  in  the  heat  treated  condition. 

Preparation  of  the  Experimental  Alloys 

The  alloys  were  melted  in  a  30  kg  high  frequency  furnace  with  a  basic 
crucible  according  to  the  technology  customarily  used  for  nichromes. 

The  barium  was  Introduced  in  the  form  of  an  aluminum-barium  master  alloy, 

the  calcium  in  the  form  of  sllicocalclum,  Tne  master  alloys  were  added  to 

•  • 

the  molten  metal  7-8  min  before  pouring. 


)50 


Grads  of 
Alloy 


Khl5N60 


Kh20N8C) 


Khl5N60 


Kh20N80 


Tabls  A 


Chealsal  Conposition  of  tto  SjqpevlMntal  Alloys^  f 


.  Heat  No.  .  * 

.  .  '  .  .  i  ‘ 


Series  of  Alloys  elth  Varying  Additions  of  Caicium 

r"  ‘  *  *  .  • 

Industrial  '  ■ 

nichrome 


.series  of  Alloys  with  Varying  Additions  of  Barium 


The  content  of  Ba  and  Ca  given  is  the  calculated  value. 


f  3fO 


I 
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lntffodue%tsn  at  tl*  aMttton0  %he  Xant»c*  vu  Hffwd  oft  to§  4*5  mln« 
and  vas  then  turned  on  again  to  full  poner  u^tll  tile  aetaX  via  potfea«  la 

4tK*  a/MI'f.lAvt  akl*Ni*n#«  ^.a  VAba#  v  f«%  ^.hm  wm^M^  m 

o— •  -  — -  — — —  —  — 

The  hariuin  tm  determined  by  the  ONaleal  and  apeUpeeeetle  aetMiIe; 
the  calcium  only ‘by  the  ejpMiMMepMk method.  In  all  cases  Di  barium  and- 
calcium  was  not  detected  in  the  alloys  obtained*  Apparently  both  barium  and 
caloium|When  added  to  this  molten  metal|perform'  the  functions  of  a  deoxidizer 
and  pass  into  the  slag*  and  even  if  they  do  remain  in  the  mBtal«  .it  is  in  such 
small  quantities  as  to  b«  difficultly  determined  by  the  spectral  and  chemical  . 


methods. 


The  ingots  were  heated  to  1050  -  1100°C  for  forging.  All  the  ingots, 
forged  satisfactorily.  During  the  preparation  of  the  wire^no  unfavorable  effect 


of  the  additions  of  barium  and  calcium  on  the  nichromes  was  noted. 


Mechanical  Properties 

The  mechanical  properties  (tensile  strength  and  elongation)  at  normal 
temperature  of  the  alloys  with  various  additions  of  barium  and  calcium, as 
coiq>ared  with  eMlAary  nichromes^  are  given  in  T^le  2* 


* 
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Table  2 

Itochanieal  Properties  of  the  Alloys  Studied 


Grade  of  Steel 


Tensile 

Stryigto, 

Icg/nan* 


“if- 


Khl5Il60 


Khl5N6a 

with  calculated  addition  of  barium  from  0.6  to  1^ 


Khl5N60  •  .  ■ 

with  calculated  addition  of  calcium  from  0.<^  to  0.6*^ 


Kh20Nc 


Kh20N80 

with  calculated  addition  of  barium  from  0*6  to  1^ 


Kh20N80 

with  calculated  addition  of  calcium  from  0.2  -  0.30SK 


It  will  be  seen  from  these  data  that  in  almost  all  cases  the  alloys 

treated  with  calcium  or  fcarium  hatl  a  tenrlle  strengtti  somewhat  higher  than 

t4M4 

that  of  ordinary  nlcferome;  and  tite  elongattea  It  all  cases  Jj^alao  higher • 

The  favorable  effect  of  tariun  on  the  longtime  strength  is  very  dtstinet 
For  exaiiple»  at  700*6  and  stress  U  for  alloy  IM15N60  without  tariUBa 

the  time  to  nature  was  48  hr,  vdills  the  ease  alloy  treated  with  harlum  under 
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tha  aam  test  conditions  shoeed  e  tine  to  nature  of  139  -  l56  hr* 

Thus  the  treatnent  of  alloy  Khl5N60  and  Xh20N80  etth  fcaViuA  vr  calcium 

€Jl 

iaadfr  to  an  itqproveasnt  of  the  mechanical  properties  at  normal  tesperature^ 
and  to  a  considerable  isprovement  of  the  tensile  properties  In  lang-tlsw  tests. 

a 

The  presance  of  barium  and  calcium  was  not  detected  In  the  finished  alloys . 

The  Inprovement  may  be  attributed  to  their  action  as  powerful  deoxldlsers,  l.e., 
to  the  Isproved  purity  of  the  metal,  especially  along  the  grain  boundaries. 

Hesisttvltv  and  Temperature  Coefficient  of  Resistance 

The  reslj^vtty  wae  investigated  both  S normal  temperature  and  on  heating , 
as  a  function  of  the  calculated  additions  of  barium  and  calcium.  At  least  six 
specimens  of  each  heat  were  tested.  Good  agreement  of  the  results  was  noted 
In  sll  heate. 

No  distinct  dependence  of  the  resi£vlty  on  the  calculated  addition  of 

barium  or  calcium  was  noted  for  KhlSNSO  and  Kh20N80  at  normal  temperature j 

ailhough  the  difference  In  the  heats  studied  was  measured  in  hundredths,  the 

a  certain  . 

addition#  of  barium  to  r.lchromes  still  '»°-^°»i«wavsxswiTmS  tendency  to  Increased 
reshftvlty. 

The  tests  were  run  isi  the  temperature  range  20  -  1150*C«  The  resistivity 

Increases  aiore  sharply  In  the  specimens  of  «lloy  lbl5N60»  since  this  is  less 

thfoughout 

stable*  At  higher  calculated  addition  of  barium  thm  resistivity  XHittllO  the 
•mtlre  teaiperi#i«r  range  higher  (Flg.l). 

» 

Alloy  Khl5N60,with  the  highest  {0.6f)  calculated  addition  of  calclum^em 
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a  allgMljf  higher  rasletlvity^^afi  the  aaai  AlXfiy  •alclwn 


(Fig,2).  . 

T)m  alloys  Kh20N80  wlUi  additions  of  barium  and  caloiuB  iMMim  a  higher 

rasiatieity  and  mmmMmtikf  a  lower  tenperatur*  coefflciefit  of  resistance 
•  • 

throughout  the  entire  temperature  range  (Figs. 1,2).  ,  , 

"Llfe«  of  the  Alloys 

The  teats  of  the  riife*  of  the  alloys  were  run  by  the  accelerated  method 
on  wire  0.6  mm  in  diameterjpursuant  to  GOST  2419-44.  Alloy  Khl5H60  with 
various  additions  of  barium  and  calci.'m  was  tested  at  1100°C,.the  working 
tenperatore  of  nichrome  of  grade  Khl5N60.  Alloy  Kh20N80  srith  various  .additions 
of  barium  and  calcium  was  tested  at  the  working  ten^erature  of  1175*C. 

Six  specimens  of  each  heat  were  tested.  T^e  test  of  .the  "life"  of  the 
alloys  is  a  coiiibined  form  of  test#  in  idiich  the  favorable  effect  of  barium 
and  calcium  on  the  nichromes  was  displayed. 

Figure  3  shows  the  results  of  the  "life'*  test  on  alloys  IChl5N60  and 
Kh20N80  with  various  additions  of  barium.  It  will  be  seen  that  nichrome 
treated  iHth  barium  has  a  "life"  twice  as  high  as  the  ordinary  alloy.  There 
is  no  direct  dependence  of  the~*Iife*  of  the  alloy  on  the  calculated  addition 
of  barium.  Apparently  thm  ’’life*  depends  not  ao  nueh  on  the  quantity  of  the 
element  added  as  cn  the  aethod  of  its  addition  to  the  eslten  metal.  The  alloys 
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with  barium  akowMa  marc  stabla  reslatanea  during  the  time  of  the  "life* 
test.  Calcium  ha^  a  stllA  mort  effective  Influence  on  the  "Ufe*  of  nlchromes. 
For  example^  the  "life*  of  alloy  KhlSNbO  with  the  calcVlated  addition  of  0.^  Ca 
Increasedl  from  69  hr  to  444  hr  (Flg.4)>  l.e..  b^xa  factor  of  six;  for  alloy 
Kh20(l80  It  Increased  from  58  to  290  hr  (Fig. 4).  The  alloys  treated  with 
calcium  ha€L  a  still  more  stable  resistance  during  the  "life"  test  than  those 
treated  with  calcium. 

Analysis  of  the  mlcrostructture  of  the  specimens  tested  tot  "life* 
Indicates  that  the  process  of  oxidation  of  ordinary  nlchromes  proceeds  at  an 
accelerated  rate  axing  the  grain  boundaries,  fftille  in  alloys  treated  with, 
barium  or  caldluu.  It  proceeds  at  a  retarded  rate  along  those  boundaries* 


Conclusions 

1.  The 


action  of  barium  or  calcium  K  nlchromes 


IsproTS) their  mechanical  properties  at  normal  tempera^re,  their  heat  resistance 
an'd  their  life. 

2.  The  addition  of  barium  (0.6  -  W)  to  ohmic  resistor  alloys  of  grades 
KhlJNbO  and  Kh2C3}80  improves  their  "life"  by  a  factor  of  2  -  2.5. 

s 

3.  The  addition  of  calcium  to  the  same  alloy  is  more  effectives 
Introduction  of  0.2  -  0.6f  of  calclua^  Improves  the  "life"  of  alloys  Khl5N60 
and  Kh20N80  by  a  factor  of  4  -  6. 

4.  No  relation  between  the  *llfe"  of  nlchrones  and  the  quantity  of 
barium  or  calcium  added  was  found.  Apparently  In  nhls  case  the  "life*  depends 
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not  so  much  on  the  quantity  of  barium  or  calcium  addad  as  on  the  time  and 

into 

method  of  thair  Introduction  the  moltan  metal. 
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(Part  4) 


ALLOYS  REPLACING  MOLYBDBNUM  IN  THfc;  RADIO  INDUSTRY 


by 


D.A.Teymer 

iioden  radio  tubes  ^^0*  an  extensive  class  of  electrical  devices  used  in 
many  fields  of  technology. 

The  grid  is  one  of  the.  jiiosl  vital  pN^anents  of  a  radio  tube.  It  aa/  b* 
a  control j^r  screen  electrode  acting  on  the  motion  of  the  electron*.  For  th* 
proper  operation  of  an  electron  tube  the  grid  must  strictly  maintain  its  dimensions 
without  the  slightest  changes  In  any  loop.  A  grid  must  ba  «AgligMKs«g#%w  * 
to  resist  UH  deforming  force*  during  ite-^netelAea taw  Ad  to  maintain  Its  shape 

and  dimensions  during  operation.  It  must  be  strong  enough  and  rigid  enough  at 

tAetUMM. 

high  temperatures.  This  Is  particularly  inportant  durlng^e^asslng  of  the 


tube  con^onents 


»,  when  the  tube  is  heat«d  considerably  above  the 


Thus  the  wire  used 

working  tenperature  of  the  device.  *1  for  winding  a  grid 

must  have  good  mechanical  idFejpertlra  la  wary  flaa  erees  sections  (30  -  130  m) 
it  must  have  high  strength  at  room  antf  elevatWd  tee^eraturts .  high  rigidity 
for  stretching  the  wire  during  winding  and  at  tlie  sams  tlem  nwt  have  tha  good 


f 
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winding 

intact  strength  that  Is  required  for  autonatie  of  the  grids.  The  wire 

of  a  vacuum  tube  must  have  appropriate  physical  properties t  a  high  vaporization 

t 

point,  a  low  coefficient  of  thermal  expansion  and  a  relatively  good  thermal 
conductivity  for  removal  of  the  heat  formed  in  the  grid  gnemtbhthiiehsating  of 
the  strongly  heated  cathode. 

Idolybdenum  wire  is  used  for  the  grids  of  most  electron  tubes.  This  wire 

•f- 

is  easily  degassed,  has  high  strength  at  room  and  elevated  tenperatures ,  a  high 
modulus  of  elasticity,  a  low  tenperature  coefficient  of  thermal  expansion, 
and  relatively'  good  thermal  conductivity.  But  this  metal  can  be  drown  into 
wire  only  with  difficulty.  Molybdenum  wire  must  be  drawn  in  the  hot  state  at 
low  speeds.  Before  deformation  in  the  heated  stata^the  wire  is  covered  with 

Ci€A>*Jl*Q  4o6iJI*i>h  0^y^t4XaAy 

399  aquadag  Ipa  aquadag  must  then^under  all  circumstances, be  cleaned  off  the 

surface  of  the  wire  before  using,  by  means  of  a  leU&ous  electrolytic  process. 

.  ■< 

The  molybdenum  wire  so  manufactured  is  nonuniform  in  diameter  and  nonuniform’ 
in' mechanical  properties,  some  places’  it  lacks  adequate  plasticity,  making 
its  winding  on  automatic  machines  difficult  and  leading  to  high  rates  of 
spoilage  in  winding  grids.  A  serious  shortcoming  is  the  ease  of  oxidation  •  , 
of  molybdenum  wire  during  asseably  and  prolonged  storage.  Finally,  molybdenum 
is  in  short  supply  and  is  very  expensive.  Conaequently,  in  connection  with 
the  de’velopmsnt  of  vacuum  tube  technology  it  is  necessary  to  find  other 
materials  that  are  more  abundant  and  less  expensi’ve. 

A  substitute  for  molybdenum  wire  for  grids  mgy  be  wire  of  a  nickel-molybdenum 
alloy  of  the  type  of  H«et*lloy  A.  Alloys  wltkhis  type  were  taken  b^  us  as  the 


basis  for  ^  study  and  dstnlopmsnt  of  the  technclog/  of  maihifaetuk'lRg  extremely 

wlt^^iyalcal  and  *  mfm.  A  [frv 

fine  xire  lOUiikMIlIlXUqmaui  mschanical  propertl«s  aiiiiiitor 


molybdenum  wire  for  the  grids  of  electrbn. tubes. 


to  determine  more  precise^  the  chemical  conposition  we  malted 

content  of  molybdenum 

nickel-moljjhdenum  alloys  with  var^dMlg  —tyinuiaiaiYiwmiMttiy  (in  the  rafige  frcan 


10  to  30f },  wd  of  nickel(from  6.6  to  691^)  .  The  silicon  content  vas  considerably 
lower- than  in' the  alloys  hastelloy  A  and  B.  -The  manganese  content  was  varied  ' 


from  0.35  to' 2.005?  in-  order  to  study  the  influence  of  this  metal  on  hot  deformation. 
Table  1  gives  the  chemical  cosmos ition  of  several  experimental  l^ate* 

Table  1 

Chemical  Competition  of  Nickel-lislybdenum  Alloys  of 
.ixperimental  Heate,  % 

Jleat  ■  ■  .  ,  • 

tfo*  C  Fe 


remainder 


IIS  400 


I 


In  melting  the  experlnental  nickel^molybdenum  elloya,  masures  were 
taken  to  obtain  a  pure  metal  rltli  the  lowest  possible  gae  content,  which  Is 
of  great  Importance  for  alloys  with  a  high  resistance  to  deformation. 

The  experimental  alloys  were  melted^  a  40»kg  higl^frequoncy  furnace 


the  experimental  plant  of  -the  Central  Research 


Institute  for  Ferrous  Metallurgy;  High,  grade  pure  ■  materials  were  Miicted 
for  the  charges;  electrolytic  nickel  of  grade"extra»*  or  »000*,  metallic 
molybdenum,  metallic  manganese  of  grade  Url,  crystalline  silicon,  metallic 


chromium,  and  technically  pure  armco  iron. 


A  basic  slag  consisting  of  65?  CaO;  25?  MgO  and  10?  .^uorspar  was  used 
1 « 

in  thebltttK^  ITter  melting  of  the  charge,  diffusional  deoxidation  with 
borllme  (a  mixture  of  lime  with  aluminuiii  powder)  ^  the  slag  was  employed. 


The  subsequent  direct  deoxidation  (after  the  diffusional  deawidation)  was 

before 

accomplished  by  metallic  aatganese  and  crystalline  silicon.  Finally,  Kfffw 
teeming* 

vmm  the  metal  was  deoxidized  by  a  nickel-magnesium  master  alloy  (15?  Mg) 


and  with  sllicocalcium. 


After  melting  the  charge^a  vacuum  of  15  mm  Hg  was  established  in  the 
furnace.  The  metal  was  poured  at  1370  -  1400“C  into  heated  ingot  molds  through 
hot  freshly  ignited 

using  a  clean 

The  technology  of  ineltlng|XXXXXXKX]i|HI  charge*  boiling  in  a  rarefied 


atmosphere*  thorough  deoxidation  and  proper  pouring,  should  assure  the  production 


of  a  soimd  and  dMIae 


Nlckel-fflolybdenum  alloys  have  an  exccadlngly  higb  rasistance  to  daforutlon 
in  the  hot  state.  At  molybdenum  contents  over  20f  these  alloys  may  be  deformed 


In  a  narrow  range  of  temperatures. 


The  Inlota  sere  heated  in  a  gas  furnace  to  1220  -  1250*C>  and  the  XXKIX 
teiqperature  at  the  end  of  rolling  the  Ingots  was  1020  -  1060*0.  Kxperlmental 


forging  of  these  alloye  showed  that  *he 


measures  of  precaution  had  to 


be  taken  for  successful  hot  deformations  gteieg  fhe  ingots  and  Abe  rough 


forgings  in  a  sulfure-free  medium;  the  holding  time  at  high  tenperatures 
(1230  -  1250*C)  must  not  be  prolonged;  the  flame  in  the  gas  furnace  must  be 


slightly  reducing;  and  contact  of  the  flame  with  the  metal  must  be  avoided. 
Failure  to  observe  these  precautionary  measures  led  to  surface  cracks  during 


,i  vrc'ne. 


The  forging  of  the  ingots  proceeded  satisfactorily  except  for  heats  .with 
over  285?  Mo  (heats  No. 409  and  410).  The  ingots  from  these  heats  fractured 
during  forging  in  spite  of  the  elevated  manganese  content.  The  narrow  range 


of  temperatures  at  which  the  metal  is  fpae<nimed  makes  it  necessary  to  ^abeat 
the  Ingots ,  to  use  rough  forgings  of  small  .*  and  to  force  the  aata 

rollingJf^iM  . 

The  forged  and  cleaned  rough  forgings  (squares  of  24  -  36  ram)  were  rolled 
mm  circle)  onfhe  300  mm  rolling  mill  of  the  "Elektrostal ' " 
Plant.  The  rolling  was  dome  with  mixed  grooving  (circle-oval,  square-oval) 
Adopted  at  the  plant  for  rolling  alloy  grades  of  steels  on  tlis  MQbie  duplex-duo 
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rolling  mill.  The  rough  forgings  were  heated  to  1220  to  1250*C. 

a 

In  the  teiperature  range  from  600  to  1000*0*  nlckel-ooljbdenua  alloys 
are  brittle,  and  thus  the  rolled  metal  in  an  8  am  circle  could  ewiMi|»lm-4ni* 
only  after  cooling  below  600*C.  .  ,  ,  • 

Heat  Treatment  and  lire  Drawing 

The  must  be  annealed  to  deform  the  meta!  in  the  cold  state 

(drawing).  For  alloys  with  20!t  Uo  or  more,  the  minimum  tensile  strength  and 
the  minimum  hardneetf  were  obtained  after  quenching  from  1150  -  1200®C,  and 
for  alloys  with  about  10?  Mo  after  quenching  from  1050  -  1080“C. 


b) 

Fig.l  -  Variation  of  Tensile  Strength  and  Elongation  of 
NIM025  lire  mith  Heating  Teii^rature  t 
1  -  Ctpsile  strength, curve;  2  -  Elongation  curve 
a)  Tensile  strength,  kg/emi^;  b)  Tenperature,  *Ct 
c)  Elongation,  % 


The  cur\'es  of  Fig.l  show  the  variation  of  the  tensile  strength  and 

€ 

elongation  of  wire  of  a  nickel-molybdonun  alloy  containing  25f  Mo  (NIII025) 

•  i 

with  the  heating  teipejfotttril .  it  will  be  seen  that  ‘with  increasing  ten^ierature 

•  •  • 

■  above  1150*C  the  elongation  fails  ra^jidly,  in  connection  with  the  overheating  • 

of  the  metal.  The  holding  tine  at  high  tenperatures  should  be  mininuD. 

Prolonged  holding^^f ten  led  to  rupture  of  the  wire  coil.  For  ' 

(circle  5  -  .8  mpi,  weight  5-10  kg)^  holding  at  1150*C  for  10  min 

The  intermediate 

was  entirely  sufficient  for  a  successful  anneal.  mtlHUQQQtXXXXX  anneals 
were  run  at  lower  teaperatures . 

mire  of  diameter  less  than  1.0  on,  to  eliminate  the  ^4eUafl  process. 


and  also  to  decrease  the  gas  content,  wawv  annealed  In  a  hydrogen  furnace 


at  1050  -  1030*C.. 

after 

To  remove  the  scale  from  the  Surface  lintUK  heat  treatment,  wire  of 


diameter  over  1.0  mm  was 


in  a  solution  of  12  -  15i(  sulfuric  acid  and 


3.5%  nitric  acid,  which  is  ordinarily  used  for  alloys  with  a  high  nickel  content. 
The  pid^ing  teoperature  was  60  -  80°C.  The  pictfsd  metal  was  thoroughly  rinsed^ 
first  with  hot  water  and  then  with  cold.  Before  drawing jthe  wire,  after 
pic^^^ng,  was  stored  in  a  dry  and  warn  place  not  less  than  24  hr.  The  intermediate 

ult» 

anneals  of  the  wire  «mm4  be  run  in  a  protective  atmosphere  to  avoid  loss  of 


metal  in  pidMSig. 


^Jlickel-molytxienun  alloys  with  up  to  28%  MOgaiie»HgmxXBI  eaeye*  a  cold 

r  •  '  ^ 

deformation  is  relatively  easy,  not  harder  than^igh-alloy  grades  of  steel 


(Mtt&Altaa  steels  an4  nichroas).  The  loaer  the  molybdenum  content  of  the 
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c) 


a) 


b)  .  .  b) 

a  b 

Fig. 2  -  Vwtitlott  Mechanical  Properties  of  Cold-Drawn 

wersua 

lire  of  All’oy  with  25i  Mo  (a)  and  20%  Mo  (b)  wtth  the  Beduction 
as  1  -  Tensile  strength;  2  -  Yield  strength;  3  -  Elongation 
b;  1  -  Tensile  strength;  2  -  Elongation 

^  Heat  No. 411;  Heat  No. 412  , 

a)  Tensile  strength  flp,  kg/nai^;  b)  Seduction,  %;  c)  Elongation,  % 


4Q3  alloy,  ttM'  easier  the  cold  deformation  proceed#^lt  was  not  necessary  to  use 

any  coating  of  tiM  wire  surfaew  in  drawing.  A  mixture  of  soap  powder  with 
^  sulfur  (flowers  of  sulfur)  was  used  as  •  lubricant  for  drawing  on  the  swaswwa 


and  intersBdiate  dswwAw^rfsww.  in  drawing  the  fine  wire*  only  soap  powder  was 
used  on  the  fine  Srsiwing 

The  partial  reductions  ranged  from  U  to  20f.  The  total  reductions  ftsiw 
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/an  from  55  %o  85!f*  ‘ — ' 

Nickei-4natjfbdanuD  alloys  work-harden  rapidly  during  mSA  dlitoraation. 

Hera  the  akafp  till  of  elongation  characteristic  fm  all  auateeiltlc  steels 

takts  place,  fiftfre  2  shows  the  variation  in  the  mechanical  properties 'Of  cold 

‘  ^ 

drawn  wire  of  alloys  with  25  and  20!E.)(o  as  a  function  of  the  reduction.  It  also 
♦ 

shows  the  wrlatlon  In  plasticity,  as  characterized  by  the  elongation.  In  spite 
of  the  rapid  work  hardening,  wire  of  nickel-molybdenum  alloys  free'  of  additional 
eleswnts  has  a  large  margin  of  plasticity,  so  that  great  total  reduction  In 
wire  drawing  can  be  allowed. 

Manufacture  of  Extremely  Fine  TMlfe 

are  -tU 

^■■•^lllckel-ffiolybdenum  alloys  WHi. drawn  to  finest  alcron  sizes  at  plants 

. 

,'7:  •  <jr 

~r’  of  the  radio  Industry. TT  Such  wire  must  be  annealed  only  In  ttasHh  furnaces 

-stiU 

with  a  protective  atmosphere,  lire  is  heated  in  througl^hydrogen  furnacws  at 
plants  of  the  radio  industry,  by  the  passage  of  an  electric  current  through  the 


wire  hiMBeaii£aC  mercury  contacts.  To  assure  uniform  heating  of  the  wiWt  the 
close^umace  is  then  brought  to  the  required  tenperature  by  means  of  electrical 
resistance  e'iiemBnts.  . 

The  drawing  from  0.2  mm  to  0.070,  0.030  mm  was  accomplished  on  multiple 

throegh  diamond  dies . i  The  total  reductions  in  many  cases  were  brought 

up  to  8(4.  fn.  emulsion  of  amine  soap  prepared  from  chemically  pure  oleic  acid 

atid  triethanolamine  was  used  as  the  lubglcsfit*  This  lubricant  has  a  low  ash  content 

the 

which  Is  very  la|)ortant  for^old-drawn  wire  used  in  vacuum  tubes. 


4^^ 
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Manufacture  of  arida 


Several  types  of  grids  for  w^os  types  of  vacuus  tulbes  were  manufactured 

from  ttejaiMMS  extremely  line  wlre^The  grids  mere  made  on  automatic  machines 

•  *  .  •  . 

crosapiecesi  P  1  I 

404*>  which  cut  out  recesses  on  the  ««yiftgai|yf  eround  the  wire  in  them  and 

Me  attaeb  the  colls the  crosspieces.  To  have  the  wire  successfully  wound 

•  *  *  \  • 

automatically*  It  must  be  pl^«n  the  proper  anneal  In. the  appropriate' plastic 


condition. 


For  nickel-molybdenum  alloy  with  25f  Mo,  for  instance*  annealing 


conditions  have  been  established  in  whichjat  diameter  0,70  mm^a  breaking 
strength  of  310  -  340  gm  and  25  <-  30?  elongation  is  obtained. 

''“'■‘a  made  of  wlre-df  nickel-molybdenum  alloys  with  20  -  28?  Mo,  after 


dnnealing  in  hydrogen. 


KaJU. 


their  shape  and  hud  all  the  necessary  properties. 


yicrostructure 


According  to  the  equilibrium  diagram  of  the  ternary  iron -nickel-molybdenum 
alloy,  alloys  with  50  to  80?  Ni  and  20  to  30?  Mo  at  20'’C  consist#  of  a  solid 


^solution  and-  internmtallic  compounds  . 


The  microstructure  6f  nickel-molybdenum  alloys  in  the  cast  condition 
consists  of  austenite  polyhedra  with  aai«asgajb4aiM  of  the  excess  ptiase  (Fig.3,a), 
The  microstructure  of  an  annealed  wirebm^ consists  of  coarse  grains  of  solid 

kALiUMi 

I  VaflWsaMMW  of  the  exoass  phase 


8f-solutlon  withVea* 


the  grains  (Fig.3,b). 
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Mechanical  and  i  tj/aical  Propertlss  of  llr«  of  lliclwl-Mol^d*""f 

Since  wire  for  radlo>tube  gr^jis  must  maintain  high  strength  and  rigidity 
at  elevated  temperatures,  as  determined  Uie  variation  of  the  tensile  and  modulus 
of  elasticity  with  incre'aslng.  tenperatufe. 

*  The  elevated-temperature  tensile  test  was  run  on  specismns  0«8  mm  in  - 


diameter  on  a  OZIP  half -ton  tensile  machine.  The  tflre  Is  heated  by  passing 


a  24  volt  DC  through  it.  This  current  was  obtained . through' a  14  kv  selenium 

•  rectifier  of  type  VSA-6.  The  current  strength  was  regulated  by  a  rheostat. 

One  lead  was  connected  directly  to ‘a  sponge  insulated  from  the  machine^and 

■supporting  the  sfecimen,  and  the’  other  lead  to  the  machine.  The  temperature 

at  break 

to  which  the  specimen  was  heated  ffiCXfXUU  was  measured  by.  a  thermocouple 
attached  to  its  surface.  Table  2  shows  the  tensile  strength- of  the  wire  4 


several  heats_  with  varying  molybdenum  content,  heated  to  'tenperatures  from 
'200  to  750*C.  At-o'ver  20t  Mo  the  wire  maintains  Hs  strength  at  tamperatures 
up  to  700  -  750'‘C.  At  less' than  20^  Mo.,  the  fall- in  strength  at  tenperatures 


over  500“C  is  sharper.  • 


r 
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Fig .3  -  Microstructure  of  Nickel-Molybdenum  Alloys  (NIMO) . 
a  -  Cast  speciaen  of  NIM025;  b  -  Specimen  of  hot-rolled  and 
annealed  NIU025  all'oy  -  , 


•V 


400  X 


30 
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•  W>le  a 

fenBlle  Strength  of  Niekel-Mol^dMiuB  Alloys  at  7arious  Teo^ratuMs 

*  Tensile  Strength,  kg/amfi,  at  following  Temperattires ,  °C 

Heat  Ho  Content,  " 

No#  5?  20  200  •  ■  -  . 
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406  (b)  Modulus  of  Elasliiclty  at  High  Temperatures  • 

The  modulus  of  elasticity  of  nickel-molybdenum  alloys  at  room  and 
elevated  teiq}eratures ,  characterizing  the  rfgidity  of  the  specimens,  was 
■  determined  by  the  resonance  method  on  a  special  instrument  at  the  Central 
Research  Institute  for  Machine  Building.  The  test  consists  in  the  excitation 
of  transverse  vibrations  in  the  vertical  plane  of  a  circular  specimen,  and 
in  the  measurement  of  the  frequency  of  such  vibrations. 

Table  3  gives  the  test  results  on  specimens  of  various  nickel-molybdenum 
alloys  annealed  before  the  test.  The  modulus  of  elasticity  of  nickel-molybdenum 
alloys,  is  the  sane  as  that  of  high-cathon  grades  of  steel,  and  is  higher 

4* 

than  that  of  many  well-known  alloys  and  high-alloy  grades  of  steel  (XXXXX 

•  • 


I 


« 


(17  .OOCr-  20.000  kt/inni2)t. 


Ttble  3 


Modulus  of  Noroal  Slastlclty  of  Experljmntal  Nickel-Molybdenum 
Allots  at  Various  Temperatures 


Modulus  of  Normal  Elasticity «  kg/mm^,  at  the  foJll««riiig 
Heat  *  Tea^eratures,  *C 

No. 

20  160  200 
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With  increasing  ten^jerature,  the  modulus  of  elasticity  of  nickel-molg|bdanu» 
alloys  decreases.  At  over  20?  Mo,  this-  decrease  is  slight  by  congjarlsoB  with 
other  alloys  and  grades  of  steel.  At  bOO'C^the  modulus  of  elasticity  desraases 
while , according  to  Roberts,  the  decrease  for  most  alloys  amount.*]  to  18  to  24?; 
at  600*0  it  Jft  respectl-vely  19  -  20?  as  against  25  -  40?. 


*  4PM ^ata  on  the  moduli  of  elasticity  of  various  grades  of  steel  and 
alloys  at  various  tea^^eratures,  likewise  determined  by  tbe  rasonance  method, 
are  given  by  KobertsdB  and  Northcliffe  in  tha  Journal  of  the  iron  and  Steel 
Institute  for  June  1947. 


To  Judge  the  suitability  of  the  wire  of  the  heats  Investigated  for 


radio  tube  grids,  a  nueiber  of  its  pAyeical  paraneters  had  to  be  detemlned. 

1Ne  determlna^he  following  ptyrsioi  constants  of  nickel-nol^denum  alloys, 
with  varying  molybdenupi  contentss  specific  gravity,  resistivity,  tea?)erature 

a  * 

coefficient  of  resistance,  tenperature  coefficient  of  thernal  expansion  at 
temperatures  up  to  800*C,  and  thermal  conductivity  at  temperatures  up  to  100*C. 


Specific  Gravity  •  • 

It  was  necessary  to  determine  the  specific  ’gravity  because  the  gauge 
of  the  finest  wire  is  not  measured  by  a  micrometer  but  is  aewiMUe^  instead , 
^^The  weight  of  specimens  of  accurately  computed  length.  The  following  samltfCMk 
the  values  for  the  specific  gravity  of  alloys  of  the  experimental  heats; 


Heat  No. 
413 


0P"gr 


'ihe  specific  gravity higher^ the  hi^er  the  molybdenum  content. 
Depending  on  small  variations  in  the  composition,  the~specifio  gravity  of 
allqy  NIMD25j containing  24  -  aSJt  Mo,  ranged  from  9.00  to  9.18. 


407 


the 


•  gesiatiTiit^ 

Ike  reelstivity  ofj^nlckal-mol^denun  allo^  was  determined  on  a  Wheatstone 
bridge  on  specimens  of  annealed  wire  0.2  nit  in  diameter. 


28%  Uo 


^  iSo 


ISO 


■2C39;  Mo 


b) 


Fig. 4  -  Variation  of  Resistivity  of  Nickel-Molybdenum  Alloys 
the  Molybdenum  Content  and  the  Te^erature 
a)  Resistivity,  ohms/nmi^/m;  b)  Tenperature ,  “C 


408  '  lUoys  containing  65  -  69*  Ni  and  over  20f  Mo  possess  a  very  high 

resistivity,  from  1.20  to  1.45  ohn/mm^/m.  With  increasing  molybdenum  content, 
their  resistivity  rises.  Figure  4  shows  th^^nl£i!l^ln?f^^^r^^^vitjj'  of 
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nlckel<4nol^dcnuffl  alloys  with  varying  mol^bdenusi  content, aa-^i^wnwlluir'is^  llw 


The  teiqperature 


b) 


coefficient  of  resistivity  falls 


sharply  with  increasing  molybdenum 


content  (Fig. 5).  At  27  -  2856  Mo, 

thA.  tenperature  ci-^mcientf 
KittMiatw«l|inahiiJBxmMy^  of 


•  resistivity  of  the  nickel-molybdenum 


alloy  approaches  that  of 


chromium-aluminum  alloy  No. 2  used 
the  finest 

for  re^istorsy'and  in  nqrxttliKitK 


Sizes  can  replace  it  in  miniature 


elements , 


Coefficients  of  Resistance  of 
Nickel-Molybdenum  Alloys  as  a 
Function  of  the  Molybdenum  Content 
(Ni  -  67  -  6850 
a)  Tenperature  coefficient  of 


resistCMI((f,(5^  x  10"®  j 
b)  Molybdenum  content,  % 


Coefficient  of  Linear  Ejcoansion 

The  thermal  coefficient  of  linear 
expansion  of  nickel-molybdenum  alloys 
was  determined  on  a  Leitz 

differential  dilatometer  in  the 
tempernture  range  from  20  to  800*C 

It 


on  standard  annealApecimens  3.6  ram  in  diameter. 


not  high  by 


conparisor  with  stewl  and  other  alloys,  especially  for  alloys  with  high 
molybdenum  content,  but  shill  almost  double  a  value  for  mol^denum. 


& 


0 


4r 


! 
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a) 


b) 

of 

,  Fig. 6  -  'Fenperabure  BtftatenooXX  Coefficient.^  of  Linear 
Expansion  of  Nickel-Mclj-bdonum  Viire 
a)  Coefficient  of  linear  expansion,  oi  x  10“^* 

..  b)  Tenperature,  °C 

409  Figure  6  shows  the  curves  of  variation  of  the  temperature  coefficient  of 

expansion  of  the  nickel-molybdenum  alloys  with  rising  temperature. 

I 

Thermal  Conductivity  ^ _ _ 

The  coefficient  of  thermal  conductivity  of  the  alloys  up  to  100*C  was 
determined  on  a  Tomas hov-Fridman  instrument  on  specimens  6  mm  in  diameter  and 
150  mm  long.  The  following  were  the  value.s  of  the  thermal  conductivity, 
cal/cm-sec-*Ct 

Heat  (o* 

757 


• 

ter 
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Tha  thtmal  conductivity  of  the  nickel-molybdenuia  alliy  Is  very  low  by 
the 

comparison  with  that  of^ure  metals,  igmt  especially  that  of  mol^denum*  which 
has  a  coefficient  of  thermal  conductivity  of  0.35  cal/cm  sec  *C. 

Thermal  conductivity  is  one  of  the  most  Important  characteristics  of  an 
alloy  for  radio-tube  grids.  The  rapid  removal  of  heat  from  a  grid  is  one  of 


the  necessary  conditions  Httll  normal  operation.  The  low  thermal  conductivity 


their 

of  nickel-molybdenum  alloys,  like  that  of  all  other  alloys,  prevents  XHXXXX  . 
substitution 

njimeMiKVif  for  mol^denum  or  tungsten  Mtafeha>4t>WaBe#avM  radiowtubee^  ty 


yO.. 


there  the  grid  becomes  heated  and  it  is  impossible  to  remove  the  heat  by  means 


of  crossvnp  or  by  Increasing  the  radiation  WTlje  rtt  tf  various  coatings. 


grid  thermo-currents  arise^' 


Uanufacture  of  Grids 


Grids  manufactured  from  experimental  batches  of  nickel-molybdenum  alloy  , 


wire  were  aasenbled  in  several  types  of  electron  tubes;  In  testing^^d  conparing 
them  with  tubes  of  the  same  type  with  grids  of  the  materiai^^eiaMMi* the  plant* 
satisfactory  results  were  given  by  tubes -with  grids  of  wire  of  nicinl*molybdeniii& 
alloys  containing  over  205?  ko.  The  consumer  plants  prefer  the  use  of  wire 
of  alloys  containing  6?  -  €95?  )U  and  24  -  25^  Mo,  since  their  rigidity  is  higher. 
The  wire  of  this  conposition  required  by  the  radio  industry,  0.2  nm  in  dlsmeter* 
is  being  delivered  by  the  experimental  plant  of  the  Central  Hesemrch  Institutb 


for  Ferrous  Metallurgy,  and  in  tho'Tinest  gages,  by  the  Beloretskiy  and 


»Elektrostal"*  plants. 
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1 
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Win  of  allo^  Nllfozs  succesafully  substitutes  for  molybdenum  wire  Is 
many  types  of  electren  %iA>es.  In  fine  cross  sectl;me|lt  possesses  high 


strength  room  and  elevated  teoperatures .  4%  the  same  time  It^ossesses 


•good  li^act  strength. 


automatic  winding  of  grids. 


The  grids  wound  with  this  wire*  have  adequate  rigidity  to 


res Istj^eformlng' forces  during  aaserfbly,  and  maintain  their  ships  and  slxe 
'during  operation  aad  during  the  degassing  of  elements  In' the  tube  |t  high  ■ 

•  e  ,  -  *  • 

teoperatures.  Wire  of ‘alloy  NI11025  has  a  number  of  advantages  ever,  molybdenum 

nit  ' 

wire.  It  does ^jtidlTie  in  the  air,  while  molybdenum  jioes  show  considerWole 


oxidation  during  prolonged  storage  and  during  the 


of  the  tubes .  •  In 


contrast  to  'molybdenum  wire,  it  can  be  drawn  cold,  at  high  speeds  on  multiple 


■wetiAnem.  The  wire  produced  Is  light,  uniform  in  diameter  and  uniform'  in 

Cwli?. 

mechanical  properties  over  the  entire  length  of  the  The  spoilage  of 

grids  of  alloy  NIM025  during  winding  is  negligible  in  comparison  with  grids 


of  brittle. 


Irregular , and  nonuniform 


molybdenum  wire . 


equivalent 

■  Radio  tubes  with  grids  of  wire  of  alloy  NIM025  are  tihSMlXlOi  in  servicw 

life  and  other  parameters  -  distribution  of  anode  current,  trans conductance 

characteristics  and  emission  -  to  tubes  of  the  same  type  with  fiicke^ized  molybdenum. 

Nickel-molybdenum  alloys  have  found  use  in  the  radio  industry  not  only' 

for  grids  but  also  for  other  conponents.  The  tmchnology  of  aanufacture  of  UU 

cold-rolled  strip  0.15  mm  thick  (of  alloys  NIli020  and  NI»K)2f)  irtjich  ca*  be 

used  for  the ^emiiwMe^^^new  types  of  vacuum  tubes  have  been  developed.  The 

** 

basic  reouirement  in  this  case  is  the  service  life  of  the  meeWesnajTOich  is 


basic  requirement  in  this  case  is  the  service  life  of  the 
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•2^  brtaklng 

dct^eralntd  bjr  tea^lAg  fi*  fatigue  limit  “•V* 

I 

e 

Its  vacuum  seal  by  vibrations  on  a  special  Instrument. 

«iutt  l^lMameVSfil  wvi% 

Cold  rolled  strip  after  annealing  and  plcfWig^lkeirise  paaaeslmB4aaJima4«9 

•  » 
without  difficulty,  ■  The  total  reduction  amounted  to  80  -  85?S. 


Nickel-Tunga^;en  lire  for  Qrlds  in  Radio  Tubes  . 

a  ♦  • 

•  *  m 

In  view  of  the  fact  that  molybdenum  is  expensive  and  in  short  supply, 

*  •  a» 

*  *  •  • 

•  a  ..•••• 

the  use  of^ickel-baae  molybdenum-free  alloy  hag  been  proposed  for  the  grids 

♦  •  •  *  * 

•  ^ 

of  electron  tubes.  ' Tungsten  Is  an  element  which  is  a  successful  substitute 

« 

*  •  .  ** 

for  ablfftclenum  in' many  alloys  and  grades  of  steel.  It  is  less  scarce  than 

a  .  • 

.  *  .  »  •  * 

teolybdenumjand  is  also  cheaper.-  Several  heats'  of  nickel-tungsten  alloys  were 
run  in'  a  high  frequency  furnacejusing  the  same  precautions  and  the  same  technology 
as  for  the  nickel-molybdenum  alloys 4,, ; 

.  f 

No  data  whatevft-  can  be  found  in  the  literature  on  the  properties  of 
oickel-tungsten  alloys,  but  our  vefy  first  experimental  studies  showed  their 
resistance  to  deformation  in  the  hot  condition  to  be  as  great  as  that  of  the 
nickel-molybdenum  alloys.  For  successful  forging ^ikevise^ It  was  necessary  to 

(uitS 

use  a  clean,  dense,  well  deoxidized  ingot.  It  rnmnb  be  heated  to  a  high 


Table  4 

Chemical  Coapositlon  of  Experimental 


see  Alloys  of  Tungsten,  'f 


Heat 

No. 


Mn 


Si 


Ni 


4U 


teaperatur#  for  fotging  and  rolling.-  1200  -  '1240*C.  In  tiM  range  600  -  1000*0, 
nickel-tungsten  alloys  are  Its  brittle  as  nickelamolybdenum  alloys. 


’  b) 

Fig. 7  -  Variation  of  the  ifechanical  Properties  of  Nickel-Tungsten 

«wvt|L 

Alloys  -T-p-y— x:  —  •fcthe  Annealing  Temperature  (Heat  No.234)| 

1  -  Tensile  strength;  2  -  Elongation 

a)  Tensile  strength,  kg/rna2j  b)  Tenperature,  'C;  c)  Elongation,  i 


Figure  7  shows  the  variation  of  the  tensile  strength  and  elongation  of 
nickel-tungsten  alloy  wire  with  25i  V  aftaMwAaMMMMf  the  annealing  tenperature. 
It  will  be  seen  that  the  optimum  annealLng  conditions  for  this  alloy  are 
heating  to  the  range  1050  -  1150*C.  After  heating  at  these  temperatures  g 
followed  by  rapid  cooling,  nickel-tungsten  alloy  wire  has  a  tenaile  strength 


under  100  kg/im^  and  an  elongation  of  30  -  36^.  But 
900  -  950*Cj^  plastic  wire  for  cold  deforaation  witji  elongation  25  -  30!? 


iMating  to  •A- 


at 


ai 


At  tungsten  content  from  10  to  the  optimum  annealing  conditions 


•412 


are  heating  to  the  Mnge  1009  -  1100*0. 

,  SlwHs— ee»eAi><»4>ti  ^esAe  Aeem  the  surface  of^^ow-tungsten  wire  was 

ficKtiM 

accomplished  by  ptetieg  in  a  solution  consisting  of  10%  sulfuric  acid. 


5  -  6?  of  hydrochloric  acid  and  2  -  251^  of  nitric  acid,  eit  65  «  75*C,  followed 

•  • 
byiMnerslon  for  several  minutes  In  a  hot  lO!^  solution  of  calcined  soda. 


In  spite  of  the  fact  ‘that 


annealed  nielcel-ttmgsten  wire 


has  loweV  elongations  than  wire 


of  nickel-molybdenum  alloys, 


it  is  considerably  more  plastic 


o) 


and  can  be  drawn  to  the  finest 


gages  without  teouble. 


The  character  of  the  curses 


b) 

Fig. 8  -  IMAatieeiiefcUechanlcal 
Properties  of  Nickel^olybdSnum 
Alloy  as  a  Function  of  the 
Reduction* 

heat 

1  -  Tensile  siurength,  itfUp  liio.233 ; 

2  -  Tensile  stre^th  and  elongation, 

3  -  Tensile  strength,  heat  No. 236 

a)  Tensile  strength,  kg/mm^; 

b)  Reducti.on^  c)  Sloi^etlon,  t 


in  Fig. 6  shows  that  nickel-tiwigsten 
alloy  wire  (NiV^5)  dae»  not 
work  harden  during  deformation 

l*4ke^«Mrteet  MX 

e 

nickel-molybdenum  alloy  wire 
(NIM025) 


^  LI 


41? 


Mtjglianical  and  Physical  Propertlea  A  Nlctol-Tungsfn 


According  to  tM 


WhJUU.**  \/o^df 

I  IlnoTM  Tf  ternary  Tr9n-nickel-t 


al^s 


L-tttng9%«n 


kwlth  60f 


of  nickel  and  10  to  26?  of  nolybdtnum  consist  a  J-eolid  solution  and 
intermetallic  coiqpounds*  iron-tungsten  and  niciit  1-tungsten.  Figure  9  shows 

the  microstructure  of  .annealed  nickel-tungsten  ailoy  wire  with'  25?^W,  consisting 

* 

of  coarse  grains  of'aolid  ^fcsolution  with  segregation  of  the  excess  phase 


inside  the  grains. 


Mechanlcal'Propertiee  of  Nickel-Tungsten  Alloys  •  '  _ 

The  tensile  strength  of  nickel-tungsten  alloy  wire  at  elevated'  temperatures 

•iL&ZIP 

was  determined  on  tiitMP  tensile  machine  by  the  method  described  above. 

Table  5  gives  the  results  of  the  tests. 

Table  5 

Tensile  Strength  of  Nickel-Tungsten  Alloys 

Tensile  Strength,  kg/rcm^,  at  Various  Tcnperatures ,  ®C 

Heat 

No.  20  200  2'VO  360  420  450  fcO'")  VOO  V50  800 
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VJ| 

|^b»  tenalV  at^ength^wUlfciiWT  <WI|f»llll  on  increasing  the  temperature  to  600*C 
decreases  sl4gM3^  (sftBut  20%)  from  the  Initial  strength,  but  even  at  800*C 
It  still  Vemains  tether  high.  The  strength  otfAtmmi  heat  ilo.236  with  25.8^  W 


^^^Inost  as  high  as  that  of  alloy  NIU025  at  these  tenperatureSjand  iiV  higher 


than  that  of  a  nickel-siolybdenuin  alloy  with  20%  Uo. 


Fig .9  ^  Microstructure  of  Annealed  Specimen  of  Nickel-Tungsten  Alloy 
(25«W).  400  X 


a 

Table  6  gives  tht  tesalts  of  tU  detsysilnstlan  of  the  modultts  of  normal 

»  tor  ^ 

elasticity  at  rocti  tenperature  and  elevated  temperature  tilt  already  annealet 
•  « 

specimens . 


^4  9 


4i4 


Tabfe  6 
* 

Modulus  of  Normal  Blastlcity  of  Nickel-Tungsten  Alloys 


Modulus  of  Elasticity,  kg/mm^,  at  Various  Tenperatures ,  *C 

Heat 

No.  20  .  •  • 


The  modulus  of  elasticity  of  nickel-tungsten  alloys  at  room  and  elevated 

» 

temperatures  is  as  high  as  for  nickel-molybdenum  alloys.  It  is  particularly 
high  for  the  alloy  with  25?  W,  18000  kg/mrn^  at  BOO'C,  just  as  high  as  most  alloys 
at  room  temperature. 


Physical  fra^rt^es  of  Nickel-Tungsten  Alloys 

he  determine^he  ptysical  properties  ■by  the  same  methods  as  _  for 
nickel-molybdenum  alloys. 


resistivity  and  thermal  conductivity  of  the  flEDBttiB 


alloys  t  .  ^ 

Heat  No.  233  23  4  235  23* 


T'ungsttn  content 

Specific  gravity 

Resistivity,  ohms-rom^/m 

Thermal  conductivity, 
cal/cH-otc-’C 
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Mth  Increasing  tungsten  content^the  specific  gravity  of  the  alloy 
increased.  Its  mean  value  was  10.235  for  five  heats  of  the  alloy  with  25<  W 


(NIV025).  The  resistivities  of  nickel-tungsten  alloys  increase^ith 
tungsten  content. 


■eft 


teiqMrature 

Figure  10  shows  the  XHdUQUDUXX  dependence  of  the  resistivity  of  the  alloys. 
The  temperature  coefficient  of  these  alloys  is  higher  than/that  of  nickel-oolybdenum 
alloys,  but,  beginning  at  400*C,  tteir  resistivity  remains  almost  unchanged. 

The  thermal  conductivity  of  nickel-tungsten  alloys  up  to  100“C  was 
a'etermined  on  a  Tomashov-Fridman  Instrument. 

One  specimen  of  an  alloy  containing  25^  Vi  (NIV025)  was  tested  for  thermal 
conductivity  at  tenperatures  up  to  800“C  at  the  Central  Research  Institute  for 
Machine  Building  on  an  instrument  designed  on  the  Kohlrausch  principle.  In  this 
instrument  the  test  specimen  was  heated  by  an  electric  current  in  vacuo;  the 


415 


a) 


a) 


b).-  _  . 

Fig.  10  -  Temperature  Dependence  of 
the.  Resistivity  of  Nickel-Tungsteh 
Alloys  .  ■  ■  . 

•1  -  Heat  N.0.233  ;  2  -  Heat  No.234j 
3  -  Heat  No.  2355  4  -  Heat  No. 236 

a)  Resistivity,  ohm/mm^/m; 

b)  Temperature ,  *0; 


b) 

Fig. 11  -  Temperature  Dependence 
of  Thermal  Conductivity  of  Alloy 
NIV025 

a)  Thermal  conductivity  Xi 
cal  cm  sec  °C5 

b)  Temperature,  ®C 


^limntity  of  heat  conducted  eas  determined  from  the  potential  difference.  The 
electrical 

DOHUmZX}  conductivity  of  the  alloy  was  determined  at  the  same  time. 

Table  7  and  Fig. 11  show  the  results  of  the  tests. 


# 
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1 


Alf 


600 


Table  7 

Reaults  of  Determination  of  Electrical  Conductivity  and 
Thermal  Conductivity  of  Alloy  NIV025  at  Various  Tenperatures 

.  Teat  Temperature,  *C 

126.7  205  3  42  448 


Electrical  conductivity  0.811 

Thermal  conductivity 
cal/cm-bec-'C  *  • 


Ifci'th  increasing  teroperaturejthe  thermal  conductivity  of  the  alloys  • 

considerably  Increases.  The  rise  in  thermal  conductivity  in  this' case  is 
linear,  as  will  be  seen  from  Fig. 11.  The  linear  and  considerable  rise  in  '  . 

•the  thermal  conductivity  of  nickel-tungsten  alloy  during  heating  is  its 

a 

advantage  over  other  alloys,  whose  thernal  conductivity ^ncreases,  but  sometimes 

« 

even  decreases^with  increasing  temperature .  This  property  of  NIVO  alloy  .  ‘ 
should  expand  the  possibility  of  its.  use  for  grids  of  various  type’s  of  electron 


tubes . 


coefficients  of  the  nickel-tungsten 

Table  8  gives  the  thermal  umXXZm  Vt  linear  expansion 


Table  8 


Coefficient  of  Linear  fcqpansion  Jot  x  10“")  of  Nickel-Tungsten  Alloys 


Heat 

No. 


233 

234 
236 


20-100 


Temperature,  *0 

20-200  iO-300  20-400  20-500  20-600  20-700  20-800 


■*9 


^  The. corrosion  resistance  of  nicJkol-aolybdenum  alloye*  under  atmospheric 
conditions  evoked  no  doubts  whatever,  since  similar  alloys  are  used  in  the 
chemical  industry  as  corrosion-resistant.  Nickel-tungsten  alloys  containing 
60^  Ni  and  10  -  21i?  IK  have  not  heretofore  been  used  in  industry,  and  there  are 
no  data  on  their  resistance  to  corrosion.  In  dry  air,  like  all  other  high-nickel 
alloys,  they  do  not  oxidize.  To  determine  the  corrosion  resistance  of  the 
nickel-tungsten  alloys  under  investigation  finder  atmospheric  conditions, 
specimens  of  wire  of  these  alloys  were  tested  for  seven  days  under  the  following 

•  •  a 

conditions s  from  9  to  13  hi-,  rocking  in  a  variable  load  apparatus;  from  13  to 

«  • 

•  •  • 

17  hr,  in  the  air,  from.  17  .tc  4  hr,  in  tap  water. 

For  purposes  of-  comparison,  specimens  rjf  wire  of  nickel-molybdenum  alloys 

under  these  same 

with  20  and  21%  Mo  were  tested  iUUCUIXXngciaUK  conditions.  Table  9  gives 

the  losses-in  weigh-t  after  the  tests.  According  to  the  results  obtained,  the 

under  humid  atmospheric 

corrosion  resistance  of  nickel-tungsten  alloys  thy mt Wr atmym way tl  conditions 
is  not  poorer  than  that  of  nickel-molybdenum  alloys  u.nder  the  same  conditions. 

Under  prolonged  storage  and  during  the  assembly  of  electron  tubes  with 
grids  of  nicB  of  nickel-tungsten  alloys,  no  oxidation  was  noted. 
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Table  9 

Results  of  Tests  ®f  Alloys  NIVO  and  NIilO  for  Resistance 

• ' 

to  Corrosion 


Hire  *  Ifceight  Ikelght 

Snecimens  of  Alloys  Diameter,  before  after 

min  Testing,  Testing, 

,  gm  gm 


Weight  Losses 
gn  %  cmVhr 


NIVO  of  heats 
No.  236  ' 

No.  235 
No.  234 
NIii020 
NIM025 


Table  10  gives,  for  comparison,  the  mechanical  and  physical  properties 


df  annealed  wire  for  radio-tube  grids,  made  of  molybdonuir.  alloys  NUiO  and  NIVO. 


Table  10 


Comparative  Mechanical  and  Physical  Properties  of  Annealed 
Hire  of  Molybdenum  and  of  Alloys  NIMO  and  NIVO  • 


Material 


kg/nm^ 


<r, 

% 


kg/mm^ 

at  at 
500*C  800*C 


E,  kg/sun^ 

at  at 

200*C  800*C 


Molybdenum  wire 

NIMO25 

NBi020 

NIVO25 

NIV020 


Uaterial 


Tenparatuxe 

Thermal  Coefficient  Resistivity, 

Conductivity  of  Thermal  ohm/mffl2.  Melting  Point, 

cal/cm-#eea*C  Ejcpansion,  20*C  'C 

•  OCX  10"* 


M&StJibdenuin  wire 
NIM025 


NIU020 


NIV025  * 
NIV020 


Teat  of  Nickel-Tungsten  Alloy  Ifcire  in  Radio  Tubes  .  *  **,’■* 

*  ‘  *  . 

The  first  tests  of  grids  made  of  nickel-tun^ten  alloys ‘with  ^1  and  25!?  W 

* 

in  200  type  2K2Zh  tubes  yielded  satisfactory  results  for  all  aarameters,  .> 

»  *  0 

favorable  results  were  also  .obtained  after  testing  for  service  life.  All  tubes 

*  *  *  *  • 

tested  showed  a  drop  in  anode  current,  transconductance  and  rise  in  emission 

within  the  established  standards  after  500  hr  of  service.  The  tests  i^ere 
••  * 

•  , 

repeated  on  10000  tubes  with  grids  made  from  an  industrial  batch  of  nickel-tungsten 
alloy  wire  with  24  -  26?  W  (NIV025).  The  quality  of  the  tested  tubes  was 
found  to  be  equivalent  to  that  of  the  current  production.  The  mean  value  of 
their  parameters  was  the  same."' The  percent  of  output  of  satisfactory  tubes 
in  a  sample  was  the  same  aa  that  In  the  current  production,  90.5!?.  favorable 
results  were  also  gi'ven  by  a  tost  of  NIV025  wire  for  grids  of  other  typos 


of  tubes  at  other  plants  of  the  raalo  industry. 


X 


ff 
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As  a  result  of  the  ttsts  run  and  of  the  fact  that  NIVO  wire  deforms 

be  replaced  by  MIVO 

very  easily  In  the  cold  condition.  NIMO  alley  wlre.should  wytinMWTfirtm  wire. 

•  •  • 

NIVO  wire  has  also  found  use  for  other  coii|>onent8  In  several  types  of  radio  tubes. 


Conclusions 


1.  The  chemical  composition  of  nlckel-molybdeaum  alloys  (NIUO)  has  been 

•  ,  ♦  .  • 

•  • 

^  mSre  precisely  determined,  their  properties  have  been  studied,  and  a ‘technology  ^ 

•  .  *  • 

■  * 

•  developed  for  the  manufacture  of  extremely  fine  wire  from  this  alloy  for 

,  molybdenum,  vrtilifh 

radio  tube  grids  to  replace  wire  of  vjutntrunwitMrtrTi  is  in  short  supply  and 

.  •  - 

s. 

is  difficult  to  work.  The  technology  of' producing  NIUO  wire  has  been 


introduced  into  industry. 


•2.  Confiositions  nicke]»base  molybdenum-free  alloys  with  tungsten 

have  been  selected,  their  properties  have  been  studied, and  the  technology  tof 

production  of  extremely  fine  wire  from  these  alloys  has  been  developed.  Grids 

•  » 

made  of  NIVO  alloy  wire  are  as  good  as  grids  of  NIUO*  or  molybdenum..  The 


technology  of  production  of  NIVO  alloy  wire  has  been 


pp.473^ 


^5  (part  5) 


'  STRUCTURAL  TRANSFORMATIONS  IN  NICXEL-SASB  ALLOTS 

.  • 

« 

BnglnMr  L.N.Zlmina  and  Proiatsor  V.V.Pridantaev, 
Doctor  of  Technical  Sclancea 


T^  extensive  Industrial  use  of  lilcRel-base  heat-resisting  alloys  and  - - ' 

*  ,  ♦ 
the  design  of  new  super-alloys  demand#  a  profound  understanding  of  the  structural 

transformations  taking  place  during  heat  treatment  and  operational  use  of  the 


alloys . 


Most  heat-resisting  alloys 


ame  A: 


sperslon  hardening  by  segregation  of  XZX 


Intermstallle  phases.  Great  Interest  therefore  attaches  to  the  systematic 
. -the 

study  of|^hase  diagrams  of  coag>iex  and  sla|>ls  systems. 

The  first  phase  diagram#  of  the  system  M-Tl  was  drawn  by  Vogel  and 

lallbaum  (Blbl.l),  and  was  based  on  X-rey  diffraction  and  mlcrostructural  studies. 

sol\A>lllty  ^ 

According  to  these  authors  the  OZZBUXZQ  of  titanium  enm  nickel  was  2.8  -  3.0  Vt.^ 

at  800*C.  The  titanltus  thejf  teed,  hosever*  was  not  sufficiently  pure  (95^)jand 

this  fact  cast#  doubt  upOT  the  position  of  the  solubility  limit  of  titanium 
0 

nickel. 


a 


472 


In  1952  Taylor  and  Floyd  (Blbl.2)  publlahad  a  detallad  atudy  of  tha 
ayatea  Ni-Cr-Ti.  HI  giving  tha  aolubility  of  titaniun  niekal  at  750  and 
1150*C  aa  as  (7.81it.;K)  and  i3mQ§b»K  m  (iO.8  raapactivaly. 


1 
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At  a  titanium  oonoentration  bayond  theaa  llmita,  tha  Intarmatallic  phaaa  Ni^Ti 
aith  a  haxagonal  cloaa-packad  lattica,  ia  aegregatad.  Thia  phaaa  ia  obaarvad 
on  poliahad  aactiona  in  the  form  of  very  fine  laamllaa.  Subaaquent  atudiaa 
by  Tu.Uggaryatakiy  and  Yu.I^.Tyapkin  (Bibl.3)  establiahed  tha  aoliA>ility 
linit]|of  titanium  in  nickel  at^SOO  and  1100*  C  and  confirmed  the  data  given  by 
Taylor  and  Floyd. 

The  preaept  atudy  was  undertaken  with  the  object  of  determining  the 

•  *  »  ♦  '  • 

^  * 

aolubility  Uisit  of  latanlum  and  nickel  at  lower  tenperaturea ,  of  atudying  the 

a 

«  • 

structural  tranaformation's  during  aging  of  Nl-Ti  and  Nl-Ti-Al  alloys  of, 

a  a  . 

conpoaltlon  close  to  the  solubility  limit  dt  600  -  800* C,  and  of  a'tudylng  the 


structure  of  several  industrial  alloys  of  the  system  Nl-Cr>Tl-Al  after  prolonged.. 

; 

aging.  .  •  .  ■ 


Starting  materials  of  high  purity  were  used  In  melting  the  Ni-Tl  and 

Nl-Tl-Al  alloys.  They  were  electrolytic  nickel  of  nark  N-0  and|^tallic 

K«4Ctb 


tltnnliini  prapnrtd  *oj  Ihr- tiiin[iiT*Yn  me  Ate  were  run  In  a 

Ctm 

10>kg  induction  fumace^madei^argon  ee  tty  protective  atmosphere .  Table  1 
gives  the  chemical  cnqposttion  of  the  Ni-Tl  systdii  alloys  studied. 
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I 


Ttb^a  I 


Cbaaical  Co^poaltion  of  Nl-Ti  Alloys 


traces 


Contsnt  of  BlsMnts,  lt.!l 


Fa  SI 


not  found 


0.01  remainder 


“  WK 

the  solubility  limit^itanlum  aS  nickel  was  determined  mainly  by  the 

*  * 

S 

X-ray  diffraction  and  sdcrostpuctural  Sf^thods.  The  X-ray  diffraction  patterns# 
back-reflection 


were  taken  by  the 


ethod.fl^  copper  radiation,  the  focusing 

A 


was  on  the  line  (024)  at’ a  Bragg  angle  of  75  -  76*.  The  error  of  measurement 

**  •• 
e  • 

of  the  lattice  parameter  was  not  over  -  0.0006  kX.  Six -diffraction  patterns 

■'s’  • 

were  .  >  • 

ixa  taken  of  each  specimen  and  the  mean  value  of  the  lattice  paraneter  was  ' 

t  * 

determined.  The  lattice  parameter  of  the  Same  specimen  was  measured  first 

•  • 

after  quenching  in  a  105^  NaCl  solution  UX  from  1150*C»,  and  then  after 
teepering  for  1500  hrs  at  700*0.’''  ThAs  pssmAt4e<  ue^  ^sAdee^  resultsjj^ 

1  rather  reliable.  As  will  be  seen  from  the  curve  (fig.l)  based  on  the  data  of 


*  The  X-ray  diffractitn  anaV^l^  under  the  supervision  of 


R.M.Rozenblyum. 


1 
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TiblB  2 


.  tba  Umki  tt  iwaHi 


4m  of  th>  ta>K«gon«l  plus*  Ni^Tl  at  700*C  la 
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6.8  Vtl.;^  (8.2fllt.)^).  Figttr«,2  givaa  part  of  tba  pbMt  diagram  of  tba  ayatam 

Ni-Tl  on  ahloh  tha  liaiit  of  aaparatlon  of  tha  haxagonal  phaaa  Nl^Tl  baa  baen 

plottad  froa  tha  data  of  othar  atudiaa*(BlbX.2,3  and  4), taking  account  of  our 

« 

oaik  raaulta.  All  polnta  fit  mil  on  a  atralgbt  Una.  Tha  only  exception  la 

tha  point  for  tanperatura  1150*C  dbtainad  by  Taylor  and  Floyd  on  powder 

#  • 

specimena  of  an  Nl>Tl  alloy  during  a  two-hour  anneal,  which  at  the  high 


teoperature  could  have  reaulted  in  a  certain  evaporation  loaa  of  titanium,  but 

•  equlllbrltihi 

wtSak  holding  tiaie  was  probably  not  long  enough  to  Hach  an  iiUXXUlUL  structure , 


700*C-Meo  hra 
b 


b) 


Fig.l  -  Variation  of  Lattice  Faraneter  of  Solid  Solution 
after  Quenching  (a)  and  Aging  (b) 

,  a)  Lattice  paramter,  kX;  b)  Titanium  concentration,  wt.)i 


Tablo  2 


A74 


Variation  of  Lattice  Parameter  of  Solid  Solution  and  of 
Microstructure  of  Ni-Ti  Alloys  during  Aging 


■v  •» 


Heat  Ti .  wt 

No. 


.959L-  5.4 


Lattice  Parameter,  kX,  after 

Quenching  Aging 

(700*C  for  500  hisj 


700 'C  for 
1500  his 


3.542 


3.542 


Structure 
after  Aging 
at  700*0 
for  1500  hr? 


llnej^trongly  blurred 
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.  To  bfiflg  oat  the  microsteucture  of  the  alloys  we  used  a  reagent*  of  the  • 

e 

following  coB?3oalti<»*  3%  FeSO^  ♦  3.5<J  NaCl  +  5%  H^SO^  ♦  88. 55?  distilled  water,  • 

*  e 

which  had  beem  dWelcfied  foe  the  electrochemical  separation  of  the  phases  in 

* 

Nl-Cr-Ti-base  alloys,’  After  electropolishing  in  concentrated  nitric  acid, the 

.  amp/  cmf 

polished  sections  were  electroiytically  etched  at  a  current  density  of  0.8  -  1.5 

j 

different 

During  this  etching,  owing  to  the  wnywgTi  rate  of  electrolytic  dissolution  of* 

the  various  structural  con^onents,  parts  of  the  solid  solution  with  a  relatively 

% 

low  titanium  content  are  dissolved. Ute  titanlum>rich  portions  of  the  alloy  are 

more  stable  electrocheaically,  and,  promoting  above  the  surface  of  the 

«> 

polished  section,  they  become  cleaVly  visible  under  the  mievoKope  at  magnifications 


*  This  reagent  was  developed  in  labhrato^  No.  41,  Central  Research 
Institute  for  Ferrous  Metallurgy,  by  M.M.Shapiro  and  R.fe.Grabarovskaya. 


e 
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of  «•  600  -  1000  X. 


a) 


•  b) 


In  the  quenched  condition,  all 
the  alloys  investigated  had  the 
structure  of  a  slagle-^hase  solid 
solution  (Fig.3.a). 

.  In  alloys  with  5 >4  and  6.55)(  Ti 
at  6ver  650*C  in  the  phase  diagram 
in  the. single-phase  region,  regions. 

«  a 

•  ^ 

appear  during  aging  ehich  are' 

•  • 

considerably  enriched  in  titanium 

e  • 

and  have  a  distinct  sivface  of 


Fig. 2  -  Phase  Diagram  of  Ni-Ti 
(Nickel  Corner)  , 

a)  Tenperature,  ‘C;  b)  Ti  content, 
(atomic  %) 


separation  from  the  matrix  solid 

solution.  After  25  hr;^  aging  at 

800*0,  the  presence  of  a  sharp 
•  •  •  *  '**•' 

*  inbomogeneity  of  the  alloy  can  be 

r 

observed  under  the  optical  microscope  at  high  magnification  (Fig.3,b).  The 

'  siae 

loner  the  concentratloi/  of  titanium  in  the  alloy,  the  smaller  the  IMW  and  w»  H 

a 

of  the  segregated  phase.  This  is  clearly  visible  on  the  micro graflisof 


Fig, 3  -  Nl-Ti  Alloy  (6.55^  Tl)  in  the  Quenched  Condition  (a) 

•  •  • 

and  after  Aginf -25  hr  at  800*C  (b)  ^  2250  x 


the  alloy  ifit.h  5.4??  Ti  (Fig.4,a) -'and  6.55*  Ti  (Fig.4,b).  after,  aging  1500  hr  at  700’C. 


Fig.4  -Ni-Ti  Allay  (5.4*  Ti)  (a)  and  6.55*  Ti  (b) 

TMTXlfiy— 

after  1500  hr  Aging  at  700*C.  600  x 


476 


477 


R.B.Qolubtsova  and  L.A.Uaahkovloh  (Bibl.5)  saparatad  a  •afa«flatok4iM» 

(vX  (MU  £rtZt!t 

Ni-Ti  alloy  with  7.9  wt.tE  T1  after  ]|00  hr  tempering  at  800*C  j^on  the  phaaa 

;  • 

diagram  thtg  4a  if Btaad  in  the  single»pha8e  1^-region) .  They  found  tt^t  the 

m  * 

anodic  precipitates  had  a  con^osition  clos^ to  that  of  the  chemical  compound  Ni^Ti; 

•  .  • 

their  titanium  content  was  23  -  25  at.%,  but^the  lattice  had  a  face-centered  * 

•  •  •  • 

0 

cubic  structure  with  4he  paraseter  3.581  kX.  *The  hardening  phase  in  the  alloy  EI437 

.  •  .  .  \ 

has  this  lattice  parameter.  .  * 

•  • 

The  phase  of  segregation  with  a  faea-centered  cubic  lattice  and  a  ' 

cbmposition  close  to  the  compound  Ni^Tl  will  hereafter  be  termed  the  OC* -phase . 
t<f  distinguish  it  from  the  -phase  with  the  same  lattice  type  but  based  on 

*  m  m  0  - - 

the  compound  Ni^Al.  it  should  be  noted  that  in  IXX  alloys  with  a  low  titanium 
content  it  is  difficult  to  detect  the  04* -phase  with  instruments  of*the  present 
sensitivity  by  such  methods  as  the  d,llatometric.  or  by  •measurements  of  hardness 
and  electrical  resistance.  In  each  case  only  a  slight  Increment  of  hardness 
is  noted  during  the  aging  of  alloys  with  6.5!k  and  7.0%  Ti  (Fig. 5). 

Alloys  with  higher  Ti  content  mm  (7. Of  or  more)  show^ot  only  4ka 
lagmigaAAewa  of  fhe  «ytoase  bvl  alf •  fine  lamellar  aagmaoSttama  of  the  Ni^Ti  (y) 
phase  with  a  hexagonal  lattice  (a  >  5.10  kX;  c  -  8.31  kX;  c/a  ■  1.63).  The 
presence  of  a  conaiderabla  amount  of  the  fj-pbaao  in  the  alloy  is  characterized 
by  the  appearance  of  a  second  maximum  on  the  hardness  curve.  Thus^in  the 
alloy  with  9.11?  Ti,  during  the  first  period  of  aging  at  650®C^there  is  a 
gradual  increase  in  hardness  from  12  to  33  R^,  primarily  on  account  of  the 


-a' 


segregation  of  the  cubic  Qf '-phase  (Fig. 5).  hhen  the  holding  tine  is  increased 


from  15  t9  25  hr,  t)^  sharp  rise  of  hardness  to  52  R  corresponds  to'the 

•  « 

formation  of  the  laBsllar  Tj^hase’.  . .  ■  •  *  ^ 

»  • 

In  a  study  or4thp''&itlal  stagA  of  aging  of  Ni-Ti  alloys,  lu.lftBagaryatskiy 

and  Yu.D.Tyapiein*  (liisi.b)  found  the  formation  of  the  hexagonal  Ni3Ti  phase  to  ^ 

*  » 
proceed  in  two  stages.*  The  first  stage  consists  in  the  fornatiQ|k|in  the  crystal 

•t  •  *  • 

* .  ‘  « 

of  JQCX  supersaturated  solid  solution, of  regions  enriched  titipium  up  to  the 

conposition  Ni^Ti.  The  second  stage  consists  iij  the  rearran'gement  *of ,  the, 

♦  *  ■  , 

*  • 

lattice  in'these  regions  into  a  hexagonal  lattice  of  the  segregated  phase , 

*•  ;•  ^  “ 

*  •  . 
i»44)i  its  con,],ugatlon  With,  the  inpoverished  solid  solution. MiMietne^*  Consequently, 

i  •  ... 

the  alloys  in  the  two-phase,  rejgion  of  the  phase  diagram,  the  cubic 

c^'-phase  is  metastable  and  in  course  of  time  must  pass  over  into  the  hexagonal 

*  .  .eeea  aiajCof 

1| -phase.  But  in  alloys  located  to  the  left  of  the  Umii*  ef  solubility^ef 
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a) 


b) 

flg.5  -  Curves  of  Dlgpersion  Hardening  of  Ni>-Ti  Alloys  at’650'&. 
XI  content  In  alloys: 

1  -  2  -  7.««t  3  -  7.4!C;  4  -  7.67«}  5  -  9.1*  . 

Aglrf  time,  hr  5  _ 

a)  !!ardAe«s,  R  |  b)  H«ttHaiXilXII|IMini«  c)  Hardness. 


titanium  and  nickel^the  %  *>iphas#  is  -verf  stable  at  low  temperatures .  Apparently 
its  size,  and  perhaps  also  tin  deficit  of  titanium  atoms, do  not  permit  the 

« 

lattice  rearrangesnnt  to  pr^cse^*  *  « 

« 

•  # 

The  first  laaslXae  of  Ni^Ti  |n  the  alloy  with  7.0^  Ti  appear  in  several 
grains  after  $00  his  aging  7CX)*C  (Pig.ft)*  In  alloys- with  a  higher  titanium 


-le  ?7 
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ft 

# 


ft 


I 


I 


« 


b 


Fig.6  -  Ni-Ti  Alloy  (l,Ot  Ti)  after  500  hr  Aging  at  700*C. 


Fig.7  -  Ni-Ti  Alloy  (7*4<  Ti)  after  500  hr  Aging  at  700*C. 
(a)  and  1500  hr  aging  (b),  600  x 


1500  X 


at  91(1' 


conttnt ,  the  segrtfation  of  the  1]  -^haa*  takes  plaea  at  firtt  along  the  grain 
boundaries  and  twinning  lines  in  the  fora  of  parallel  laaellae  (Fig. 7. a).  With 


the  passage  of  tisa  (for  exaaple,  at  1500  hi;}  the  process  now  extends  to  the 
entire  grain  interior  (Fig.V.b).  The  laasUao  of  the  Ni^Ti  phase  ere  arranged 
on  the  type  of  a  lidaanstaetten  structure. 


a  b 

Fig.8  -  Ki-Ti  Alloy  (7.67<  Ti)  after  500  hr  Aging  at  700*0  (a) 
without  PreliBinary  Def oraation ;  and  (b)  with  Preliminary  20. 8^ 
Extension.  300  x 

^  _ 

Thus  jin  alloys  located  close  to  the  solubility  limit  in  the  two-phase 

region  ('^  +'*\)  on  phase  diagram,  the  structure  consists  for  a  long  time  of 

ead^  MuttcL 

a  UK  predominant  solid  solution||^,segregatat^O(  -phase,  mostly  ef  the  square 

shape  (Fig.6,b)  and  a  face-centered  cubic  lattice,  and,  on  the  other  hand,  a 
*  • 

lamellar  -phase  with  a  hexagonal  lattice.  The  site  of  the  particles  of  the 


ot' -phase  in  ttaa  aUoy  •«-4h»  7.(»  T1  after  500-hr  aging  at  900*C  is, on  the 

are  of 

average ,0.3  -  0.6  |iu.  The  laaallae  of  the  Tj-phase  UH  the  most  varied  sizes, 

soire  of  them  are  as  long  as  0.05  -  0.1  m  !■■■  with  a  width  of  0.6  -  0.7  Jt.. 

0 

» 

Using  bulk  strain  hardening,  the  process  of  formation' of  the  hexagonal 
Ni^Ti  phase  can  be  substantially  accelerated.  Figure  8  shows f^^ogr 

Ip' 

alloy  (7.67)1  Ti)  after  agingf'^SOO  hr^at  700*0  in  one  case  (a)  imsmdiately  after 

quenching,  and  in  the  other  case  (b)  after  first  stretching  the  specimen  by  20. 8^. 

An 

m  increase  of  the  titaniusi  content  of  the  alloy  and  a  rise  3n  the 

aging  temperatuie  s.ake  the  -phase  less  stable,  ifter  aging  an  alloy  with  9.1«  Ti 
.  occasional  ,e^>a^  e 

|«l25  hr*  at  1000*0,  only  minxm  segregatinns  f  unaia  jhi|)i  'can  bo  seen  in 
the  structure  (Fig.9). 


"  ''5r 


r 


Fig.9  -  Ni-Ti  Alloy  (9.1*  Ti)  after  Aging  25  hri,at  1000*0  .  600  x 


The  8<|dltion  of  eluainua  to  an  Ni-Tl  alloy  retards  tbs  formation  of  ths 
hexagonal  7j -phase.  Wills  the  first  lamellae  of  the  Ni^Ti  phase  appear  in  an 
Ni-Ti  alloy  after  500  hn.  of  aging  at  700*C  at  »  nrwtea* —f  V.OJK  Ti,  flr'-in 
fce'Hheesee*  in  presence  of  0.4X  Al^^tri^  «■  Memtateiwg  l.tft  Ti  (Fig.lO.a). 


a  b 

Fig.lO  -  Ni-Ti -AlMlloy  with  7.4*  Ti  and  0.4*  Al  (a) 
and  1*  «.  (b)  aft^  Aging  500  hi^  at  700*C.  1500  x 


Ihen  the 


1|-pha8e 


Al  content  is  increased  to  1*  in  the  alloy  with  7.4*  Ti.  however,  the 
is  entirely  absent  (Fig. 10, b).  According  to  Taylor  and  Floyd,  an 


analogous  alloy  lies  in  the  two-phase  region 
Bse  gAwee  to  the  effect  that  an  alloy  with  6.2  wt.*  TI  md  1  ft.*  Al  has  a 
single-phase  structure  of  mir-eolid  solution  at  all  the  temperatures  investigated 


la  II  that  same  wortc^data 

l\ 


(750  -  115p*C).  Our  own  data  fail  to  confirm  this  proposition.  Sven  an  alloy 
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contalnirg  5 .351?  Ti  and  W  A1 


has  a  two-phase  structure 


(Fig. 11)  after  aging 


200  -  5CX/  hr  at  650  -  700*C. 


There  is  a  slight  decrease 


in  the  lattice  parameter  of 


the  solid  solution  in  this 


case  (from  3.5472  kX  to 


3.5462  kX)| accoiq>anied  by 


an  increase  in  hardness 


Fig.  11  -  Ni-Ti-Al  Alloy  (5.351?  Ti  and  1?  Al)  amounting  to  10  units, 

after  Aging  500  ha  at  700*C.  1500  x 

Such  an  alloy  lias  a  rather 

high  resistance  to  heat,  at  650*0 ^under  a  stress  of  15  kg/nsr,  the.rjipture 


is  250  -  270  hQ,  which  is  comparable  with  the  long-time  strength  of  a 

of  185  -  200  hiy- 


two-phase  AXXm  Ni-Ti  alloy  with  7.41?  Ti.  wtite*  has  e  rupture 


under  the  same  test  conditions. 


The  dilatomstric  curve  taken  on  heating  quenched  specimens  at  a  rate  of  l*c/min 
make  it  possible  to  determine  the  tenperature  range  of  the  transformation  in 
Ni-Ti-Al  alloys  at  1<  Al.  In  .the  oaee  ef  abeewee  ti  transformations  in  the 

e 

alloy  (3.51?  Ti) ,  the  dilatomstric  curve  in  the  temperature  Interval  500  -  900*C 
is  linear  in  character  (Flg.l2,a).  At  5.351?  Ti  (Fig. 12, b), in  the  tesperatiore 

V 

interval  500  -  820*C,  a  slight  shortening  of  the  specimen  is  observed  in 
connection  with  the  segregation  of  a  phase  of  type  Ni^(Ti,  Al)  from  the  solid 


solution.  An  Inorsass  In  the  titanluo  content  to  1.5%  broadens  the  region 
of  existence  of  the  second  phase  on  heating  to  930*C<  ehile  the  process  of 

e 

coagulation  and  partial  solution  of  this  phase  in  the  solid  solution  begins 
at  about  750*C  (the  minimun  on  the  curve  of  Fig.l2,c}. 

A  large  nuidber  of  studies  of  the  structural  transfomations  in  alloys 


of  the  system  Ni-Cr-Ti-Al  have  appeared  in  recent  ^ars  in  the  Soviet  and 
foreign  literature,  ispsi'ileliy  ^  alloys  of  the  KhNSOT  type  (grades  EI437 
and  NIliONIK>eo} .  It  is  sell  known  today  that  the  hardening  of  type  £1437  alloys 


Ls  eseesyiAsksd  ee  sciipuiit.  ed 
Ui4LJi  Lea  a. 


of  “the  finely  disperse  phase  (oC  )  , 


~fl‘~a  "  face-centered  cubic  lattice  and  the  parameter  3.58  kX. 

The  shepe  ef  the  segeegeSa— A>  square  If  the  seegeat  is  properly  selected  (Bibl.7,8,9)> 

♦ 

Nordheim  and  Grant  (Bibl.lO)  consider  that  the  sSseagt'aenlag  phase  in  Mi»  alloys 


of  this  type  is  based  on  the  chemical  compound  Ni^Al  with  a  cubic  lattice  in 
•  which  some  of  the  aluminum  atoms  have  been  substituted  by  titanium  atoms . 


a 


Fig .12  -  DilatomBtric  Curves  of  Ni-Ti~Al  Alloys:  (a) 
li  Tl;  (b)  5.35%  Ti  and  (c)  7.5%  Ti 


This  view  is  refuted  by  the  data  of  cheBicaf  phase  analysis*  '(Table  3)  showing 

♦  * 

16  -  18  atonic  percent  Ti  Ihctbe  oc'-phase  and  only  4.5  atomic  percent  Al. 

•  « 

indicating  its  composition  -to  be-close  to  that  of  the  coiiqf>ound  Hi^Ti  in  vdiich 

the  titanium  atoms  have  been  partially  replaced  by  aluminuB  atoms.  In  course 

of  time,  at  a  sufficiently  high  aging  tenperature,  assuring  the  occurrence  of 

^a4>>wv«a.  * 


diffusional  procesaes,  or  under 


conditions , under  the  action  of 


*  The  chemical  phase  analysis  was  run  by  R.Te.Grabarovskaya. 


appear,  first  of  all  along  the 


considerable  stresses,  lamllar  iiigiinatBlia  appear,  first  of  all  along  the 
grain  boundaries  and  twinning  lines.  Figure  13  snows ^^wfadLs  of  BI437  alloj 
with  awgaagataa  of  the  lanellar  phase .  After  long-time  tensile  tests  at  700*C 


BI437  alloy 


and  stress  36  kg/iso^  for  350  hr  (a);  after  5iaa'^ the  alloy 


fee  aac  hr 


(b)  and  after  aging  600  hr  at  800*0  (c).  Some  authors  (Bibl.11,12)  tend  to 


Table  3 


Composition  of  Metallic  SetsegeAsw  of  Alloy  SI437 


Heat  Treatment  Conditions 


Quench 


Composition  ef 


TenporJ 


Yield 

% 


Ti  v  A1 
Ratio  in 


Ni  Ti  A1  Cr  Fe 


1080*C ,  8  hr?  -  waten 
1080*C ,  8  hrs  -  air 


700*C,  16  hrs  3.6 


the  same 


1080*C.  8  hr5>  with  the  XlXUUtl  the  same 
furnace 


consider  that  the  ex  -phase  in  alloy  SI437  is  MIX  the  equilibrium  product  of  the 
deconposition  of  the  solid  solution, and  that  tbeie  is  no  formation  of  the 


hexagonal  Ni^Ti  phase.  The 


theQ(4i)baaB  into  the  cospound  Ni^Ti 


is  observed  only  in  alloys  containing  less  than  0.04^  Al.  In  thi  alloy  B1437. 
however,  lamellar  segregates  are  formed  as  a  result  of  the  growth  and  coalescence 
of  separate  particles  of  -phase  lying  in  the  same  direction,  in  the  same  plans, 


without  any  change  in  the  type  of  crystal  lattice. 


bith  the  object  of  discovering  the  possibility  of  deformation  of  XU  an 

0 

intermetallic  coapound  Ni^Ti  with  hexagonal  lattice  in  alloys  of  type  KhNSOI. 


m 


we  ran  a  prolonged  aging  of  alloy  EI437  with  2.8!^  T1  and  0.98;^  Al<  and  also 
of  an  alloy  of  type  BI437  with  «Me4  molybdenum  and  tungstenyy(  grade  EI445)> 

A  study  of  the  microstructure  of  the  alloy  grade  BI445  showed  that  at  70'7*C 
the  diffusiontfl  processesj  owing  to  the  presence  of  nolybdenuB«  are  w  slow 
that  the  cL' -phase  maintains  submicroscople  size  for  2500  h^;  its  coagulation 
proceeds  mainly  along  the  grain  boundaries  (Fig.lAis).  At  770*C|aftt.?  holding  ,n 
1000  hr4  besides  the  distinctly  visible  segmsgatAews  of  c4' -phase,  a  lamellar  phase 
appears  In  the  structure,  mainly  along  the  grain  boundaries  (Fig.l4,b).  An 

increase  in  the  aging  tenperature  'Xb  850*C  promotes  the  formation  of  the  riamellar 

Iji  jp  nuntoer 

phase  after  holdings  500  hr**.  After  holding,  1000  hr<,at  850*0,  the  mox  and 

size  of  the  lamellae  are  very  substantial  (Fig,14,c). 


In  alloy  $£437,  the  process  of  formation  of  a  lamellar  phase  proceeds  at 
lower  temperatures  than  in  alloy  EI44$,  Such  lamellar  amgimm^BMmHB  were  aJEo« 
observed  by  us  a»  after  prolonged  aging  of  alloy  EI444  (type  BI437'with 
Ho  added) .  Figure  15  ehows  a^^^^^ografi  of  the  alloy  after  aging^OO  hi^  at 

900*0.  It  will  be  seen  that  the  growth  of  AXH  a  lamella^  takes  place^ln 

on  ab««niwtXvf> 

accordance  with  the  general  theory  of  phase  formation, the  dissolution  of 
the  neighboring  particles  of  thecc'-phase  and^iffusion  of  titanium  atoms 
toward  the  growing  lamella^ 
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The  nature  of  the  laaellar  phase  appearing  in  the  alloy  was  determined 
.  .  diffraction *. 

by  the  olectronlanHBnpKa  Polished  specimens  of  alloys  BI437  and  KI445  were 


etched  in  a  special  /ffagent 


in  such  a  way  that  particles 

the  segse— ted 


of 


seyegetei  phase  stood 


out  above  the  surface  of  the 

section.  The  electron- 

aiffraction  patterns 
■Jtmizni  were  taken  by  the 


Fig. 15  -  Grade  BI444  Alloy  After  Aging 

I, 

1000  hrsat  90O*C.  2350  x 


•reflection"  methods.  The 


electron  ^l^MseaM^  in  such 


a  way  that  the  electron  rays 
slid  along  the  surface  of  the 


section  under  examination, 


passing  through  the  microprojections.  The  interpretation  of  the  electron 
diffraction  patterns 

mampHi  unaidDigucusly  indicated  the  existence  in  the  alloy  f*  — lTT^,f 

-^e/iCwut 

with  a  hexagonal  1ntt1»  eHItli  parameters  a  ■  5.10  Aj  c  »  8.31  A;  c/a  »  I.63 


tMiaint  sepa 


(Fig. 16, a).  In  the  electrolytic  'te4iw4nt  separated  from  alloy  B1445,  the 
hexagonal  phase  was  likewise  found  (Fig.l6,b). 


diffraction  patterns 

"  The  electrodUUHBpWM  were  taken  and  interpreted  by  Q.A.Kokorin  and 


S.B.Maslenkov 
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Fig. 16  -  Electron  Mtsei grepte'o  .  . 

of  Alloy  BI445  after  Aging  1000  Imat  850*C 


*»-  -»i  — — ^  t\ 


(b) 


As  already  stated,  AAs  iaasssed  by  establishing  a  stressed  state  in  the 


alloy  the  process  of  formation  of  the  ij-^shase  during  aging  may  be  accelerated. 

Thus,  after  only  20  hri 


tenpering  at  850*C  of 


O^u 

jlirttliuil  MB  Mfceat  specimen 


of  alloy  BI445,  the  beginning 


of  formation  of  the  lamellar 


Ni^Ti  phase  is  already 
distinctly  visible  (Fig. 17). 
It  should  be  noted 


Fig. 17  -  Alloy 
at  850*C  after 


of  Grade  EI445  Aged  20  hrj 
Preliminary  105(  BfeilUmt  1300  x 


that  on  the  appearance  of 
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tha  hexagonal  phase  ee  did  not  observe  any  sharp  entorlttlesent  of  the  alloy. 

Vr*'V  -r  1*^  I..  for 

The  hardness  and  IfMgtasaaa  are  practically  the  sans  Mlk  an  allpy  in  the 

two-phase  state  (y^oC)  end  for  speeiaens  with  anl|-phaase  in  the  structure 

(Table  4)* 


Table  4 


Structure  and  Properties  of  illoy  KI445  after  Prolonged  Aging 

(Mean  Values) 


Aging  Holding  Hardness  'Seughneee 

Teaperature ,  Tisse,  hr  Structure  H-  ,  kgm/cm^ 

«C  *  ^  k 


60NCLUSICNS 


1.  In  alloys  of  the  Ni-Ti  system  containing  5.4wt.!l  Ti  or  more,  on 

-tU 

prolonged  aging  in  the  tenperature  interval  650  -  800*C»  M  phase  {,o(_ ')  appears  . 
Its  «>  -fctai'af  Ot 


e#  composition  close  to.the  compound  Ni^iTi.  but  iriMaa  race-centered  cubic  lattice. 
The  particles  of  the  phase  in  the  plane  of  the  polished  ssctlon  are  square, 
lith  decreasing  titanium  content,  the  else  and  niudoer  of  the  particles  ot  the 


24  jOl 


MCL-711/1 


487 


i 


488 


Qt'<^ha8e  dscreaae. 

2.  In  th*  binary  dlagru  t'l-Ti  (the  boundary  ot  fomtlon  of  th« 
hexagonal  phase  Nl^Ti  (^  )  at  70)"C  orrasp.ada  to  6.8  wt.<. 

3.  In  t«o>{>Aase  allpyaj^bn  regLopt  (^*<1  )|6«iB6liWMsiiMi  lamellar 
aagw«a4Si»  of  the  InteraetalUo  eoapound  Ni^Ti^  cubic  ci' -phase  ke  preeeni 
for  a  long  tine  (over  1500  hr  at  700*C).  The  stability  of  this  cubir  phase 
decreases  with  increasing  tei^perut ore .  with  increasing  aging  tleS(  and  with 
increasing  tltanluai  content. 

4.  In  Nl-Tl-Al  alloys^ at  1.  wt.f  41,  a  second  phase  of  the  type  Nl^  (Ti,  Al) 
appears  at  a  lower  rltanlua  contiint  than  indicated  by  the  phase  diagram 
proposed  by  Taylor  and  Floyd.  Tiie  alloy  containing  1<  Al  and  5.35^f  T1  is  of 
two-phase  structure. 

5.  In  alloys  of  type  SI43'^«  the  decomposition  of  the  supersaturated 


solid  solution  takes  place  in  two  stages: 

ng>ega4Aia  of  ancC 


(a) 


-phase  with  a  face-centered  cubic  lattice 


of  the  same  type  as  the  solid  solution  and  having  the  parameter  3 >58  kX.  In  its 

chemi.cal  composition,  the  oC' -phase  is  close  to  the  eo^>ound  Ni^Tl  in  which  some 

of  the  Ti  atoms  have  been  replaced  by  Al  atoms; 

(b)  formation  of  the  Liaellar  phase  NijTl  (TJ )  with  hexagonal  lattice 

(a  -  5.10  Aj  c  •  8.31  i;  c/a  -  1.63). 

6.  The  predominant  prweswn  In  the  transformation  of  the  cubic  o(^'-^hase 
are 

into  the  hexagonal  ^-phase  XISEI  dlffuslonal  and  substitutional.  For  this 
reason, the  rate  of  transformaticn  depends  on  the  aging  temperature,  the  holding  tins. 
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